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In compliance with Act 1316 of the 1995 Regular Legislative 
Session, the Louisiana Marine Resources Conservation Act of 1995, 
enclosed are the annual reports on striped mullet, black drum, 
sheepshead and southern flounder which include profiles of the 
species, stock assessments, and spawning potential ratios. Also 
included are comments received to date from peer review. These 
reports were adopted by the Louisiana Wildlife and Fisheries 
Commission at its February 6, 1997 Meeting.

Also included, pursuant to Act 1316, is a Report on the 
Effects of Strike Net Fishing on Saltwater Finfish in Louisiana and 
an excerpt from the minutes of the Commission's February 6, 1997 
meeting which contains the recommendation of the Commission.
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LOUISIANA WILDLIFE AND FISHERIES COMMISSION
Meeting of February 6, 1997

(Excerpt of minutes for the agenda item: Report of Effects of
Strike Net Fishing.)

After taking a break, Chairman Babin reconvened the meeting 
continuing the discussion on the Report of Effects of Strike Net 
Fishing. Commissioner Hanchey asked to withdraw his motion. 
Chairman Babin stated there was a motion for the Commission to 
recommend to the Legislature to leave the fishery as is and that 
now it was being pulled by Commissioner Hanchey. Commissioner 
Carver withdrew his second. Chairman Babin then asked if there was 
another motion for consideration. Commissioner Carver made a 
motion that the Commission ask the Legislature to look at the 
possibility of expanding the fishery under a tightly regulated 
system recommended by the Department. Commissioner Hanchey 
seconded the motion. Secretary Jenkins stated the Department could 
not recommend such a system because the Department is a non
political entity and it could not divide a resource among user 
groups. Then Commissioner Carver asked Mr. Puckett to read the 
wording from Act 1316 that requires this report. Commissioner 
Carver restated his motion to ask the Legislature to look at 
expanding the fishery under a tightly regulated system. 
Commissioner Hanchey seconded the motion. When Chairman Babin read 
the motion again, he used the words "strict control" and 
Commissioner Cattle stated that was not what the motion said. 
Chairman Babin corrected the motion to read "tightly regulated".

Mr. Kerry LaBauve stated one thing should be added to the 
recommendation and that was the proper management of quota 
allocations to the proper groups. Chairman Babin stated the 
Legislature would either say yes or no to the Commission's 
recommendation. If the answer is yes, then the Commission and 
Department would promulgate regulations based on what the 
Legislature passes.

Mr. George Taliansich, Councilman for Plaquemines Parish, 
stated the black drum and sheepshead were the worst enemy the 
seafood industry has. He stated he has been told there were plenty 
of fish for both the commercial and recreational fishermen to fish.

Hearing no further comment, the vote was called for. 
Commissioner Carver, Commissioner Hanchey and Chairman Babin voted 
for the motion while Commissioner Cattle and Commissioner McCall 
voted against. The motion passed by a vote of three to two.
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MINUTES OF THE MEETING
OF

LOUISIANA WILDLIFE AND FISHERIES COMMISSION 
Thursday, February 6, 1997

Chairman Daniel Babin presiding.
Jerald Hanchey. '
Glynn Carver '
Tom Cattle 1 
Norman McCall

• ' -i''Secretary James H. Jenkins, Jr. was also present.,
. Commissioners Perry.Gisclair and Joseph Cormier were absent 

from,the meeting.: 7
O t-r'''‘ *• o" ■ 1 " O ' ' ' ‘ • x . . ;• •Chairman Babin called for"a motion for approval of the January 

9, . 1997v Commission Minutes." A motion for approval was made by 
Commissioner! Hanchey''and ̂ seconded by Commissioner Carver. The 
motion passed with no opposition.

. . - - t. , . I . f, - . , lA Resolution Authorizing Chairman, to Act on Real Estate 
Matters 1, was presented , by Mr... Bob Love.- The Resolution would 
authorize the Chairman or VicerChairman to sign all acts necessary 
for the acquisition, alienation, exchange, encumbrance, acceptance 
of donations of immovable property for the Commission and 
Department. When.the Chairman and Vice-Chairman were elected in 
January, this document needed to be updated. Mr. Love then read 
the Therefore. Be, r It r Resolved portion of the Resolution. 
Commissioner Carver made a motion to accept the Resolution and it 
was seconded by Commissioner Hanchey. The motion passed with no 
opposition. ~ “ .,r: r~ ~ :

(The full text of the Resolution is 
made a part of the record.)

*•.»: - r  , • -. RESOLUTION v

Adopted by the Louisiana Wildlife and Fisheries Commission at 
its regular monthly meeting on February 6, 1997.

. . '  ̂''i ' i " " • * ‘'To authorize the Chairman of the Louisiana Wildlife and 
Fisheries Commission or in the Chairman's absence the Vice-Chairman 
to sign . as necessary, i and otherwise do . all acts required to 
consummate anyr and . all documents relating to the acquisition, 
alienation", exchange, encumbrance or acceptance of donations of 
immovable property in the name of the Louisiana Wildlife and 
Fisheries Commission along with the Secretary of the Louisiana 
Department of Wildlife and Fisheries.



WHEREAS, the Commission is authorized by law to acquire by 
purchase, gift, eminent domain, or otherwise, all 
property necessary, useful or convenient for the use of 
the Commission? and

w h e r e a s , the Commission may accept from any person, from the 
state, or from the federal government any lands or waters 
suitable for wildlife refuges, wildlife management areas, 
and public hunting grounds; and

WHEREAS, the Commission is authorized on behalf of the Department 
and the State of Louisiana to acquire land in any 
wilderness area in the State of Louisiana from a willing 
seller at a price agreed upon by the Secretary and the 
landowner? and

WHEREAS, the Commission and the Department, being the chief and 
principal stewards of wildlife and fisheries resources in. 
the state, have since 1911 implemented one of the most 
successful land acquisition programs in America as a 
means of conserving wildlife and fisheries habitat and 
providing outdoor recreational opportunities for public 

~ users; and are from time to time involved in the 
acquisition/ alienation,. exchange, encumbrance or 

• • acceptance of donations of immovable property.
THEREFORE BE IT RESOLVED, that the Louisiana Wildlife and Fisheries 

, - Commission0 hereby authorizes the Chairman or in the
Chairman * s absence the Vice-Chairman to sign as necessary 
and otherwise do all acts required to consummate any and 
all documents relating to the acquisition, alienation,- 
encumbrance or- acceptance of donations of immovable 
property in the name of the Louisiana Wildlife and 
Fisheries Commission along with the Secretary of the 

* Louisiana Department of Wildlife and Fisheries.

Daniel J. Babin, Chairman James H. Jenkins, Jr., Secretary 
La. Wildlife & Fisheries La. Department of Wildlife & 
Commission Fisheries

Mr. Bennie Fontenot presented a Notice of Intent for Spanish 
Lake Game & Fishing Preserve Commission Regulations. These 
regulations are for special rules for Spanish Lake, which is 
governed by the local lake Commission. The lake is undergoing a 
renovation project in order to make it a first-class recreational 
area. The regulations contained in the Notice of Intent have been 
adopted by the Spanish Lake Commission. Mr. Fontenot then 
introduced Ms. Greta Green, Chairman of the Lake Commission. Ms. 
Green stated the Lake Commission has worked long and hard to make 
Spanish Lake an enjoyable place for all citizens to enjoy. She 
then asked the Commission to approve the regulations. Commissioner
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Carver asked where is Spanish Lake located and how large is the 
lake? Ms. Green stated the lake is located in Iberia Parish and is 
approximately 1,200 acres in size. Commissioner Cattle asked if 
the regulations only encompass the lake or include an area around 
the lake? Ms. Green stated the rules would affect the lake itself 
and would also help secure the area. The lake has been vandalized 
and trashed recently, stated Ms. Green. The improvements made to 
the lake include a new levee, a crow's foot, five fishing piers and 
the enhancement of the boat launching areas. Commissioner McCall 
asked how many roads lead to the lake? Ms. Green stated there are 
only two roads that lead to the lake and one would be used for an 
entrance to the lake and the other would be to exit. Chairman 
Babin asked if there would be any exposure for the Commission or 
Department. Mr. Don Puckett stated the regulations have been 
reviewed and agreed upon by the staff. He did not foresee any 
additional liability. Chairman Babin then asked if the Department 
had any expenses or would receive any revenues from the lake. 
Commissioner Carver asked who would be responsible for stocking the 
lake? Mr. Fontenot stated it would be stocked by the Department 
since it was a public lake. Mr. Puckett stated the regulations 
could be approved by an oral motion. Commissioner Hanchey stated 
he was familiar with the lake and felt the regulations would -be 
good. He then made a motion to adopt the Notice of Intent and it 
was seconded by Commissioner Carver. The motion passed with no 
opposition.

(The full text of the Notice of 
Intent is made a part of the 
record.)

NOTICE OF INTENT
Department of Wildlife and Fisheries 
Wildlife and Fisheries Commission

; The Wildlife and Fisheries Commission hereby advertises its 
intent to adopt a rule establishing visitor regulations for Spanish 
Lake State Game and Fishing Preserve.

Title 76
WILDLIFE AND FISHERIES

Part III. State Game and Fish Preserves and Sanctuaries 
Chapter 3. Particular Game and Fish Preserves and Commissions 
§329. Spanish Lake State Game and Fishing Preserve 

„ General
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1. The preserve will open one-half hour before official 
sunrise and close one-half hour after official sunset. It will be 
closed to all nighttime activities.

2. Existing gates will remain in place. Parking is 
restricted to designated parking areas.

3. The levee road will have one-way traffic with the 
entrance at the boat ramp and the exit on Bernard Drive.

4. ATVfs (three wheelers and four wheelers) and 
motorbikes are prohibited on the levee.

5. Discharge of any firearms on the levees is 
prohibited.

'Y' 6. Overnight camping is prohibited, except by special
permit issued by Spanish Lake Game and Fishing Preserve Commission 
for supervised groups only.

= .. r 7. The possession or use of commercial nets, including 
hoop nets, trammel nets,'gill nets and fish seines, is prohibited, 
except by special permit issued by the Louisiana Department of 
Wildlife and Fisheries. - ' '

8. No trapping of furbearing animals, except by special 
permit issued by the Louisiana Department of Wildlife and
Fisheries. r:- ' ~r-*

AUTHORITY NOTE: Promulgated‘in accordance with R.S. 56:6,
721, et seq. and 801 and R.S. 36:610.

HISTORICAL NOTE: Promulgated by Department of Wildlife and
Fisheries, Wildlife and Fisheries Commission, LR 23 .

The secretary of the Department of Wildlife and Fisheries is 
authorized to take any and all necessary steps on behalf of the 
Commission to promulgate and effectuate this notice of intent and 
the final rule, including but not limited to, the filing of the 
fiscal and economic impact statement, the filing of the notice of 
intent and final rule and the preparation of reports and
correspondence to other agencies of government.

Interested persons may comment on the proposed rule in writing 
to Mr. Bennie Fontenot, Administrator, Inland Fisheries Division, 
Department of Wildlife and Fisheries, Box 98000) Baton Rouge, LA 
70898-9000 until- 4:30 p.m., Thursday, May 1, 1997.

Daniel J. Babin .
Chairman

Mr. Ron Dugas presented the next item, a Declaration of
Emergency to Adjust Daily sack Limit for Oysters in Calcasieu Lake
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and West Cove. Mr. Dugas stated Representative Dan Flavin has 
requested the Commission approve an increase in the daily take 
limit from 10 sacks to 15 sacks. The statute states, if a health 
closure occurs for three consecutive days the sack limit could be 
raised to 15 per day. Mr. Dugas stated there was no problem with 
the resource and the fishermen are getting a good price for the 
oysters in that area. Commissioner McCall stated he has talked 
with oyster dealers in Cameron and Hackberry and they are in favor 
of increasing the sack limit. Commissioner Carver asked how much 
of the oyster season was lost due to closures? Mr. Dugas stated 20 
percent. Commissioner McCall asked if the last closure was for 
five days? Then Commissioner Carver asked if there would be any 
biological implications that would damage the oyster populations? 
Mr. Dugas stated there was a significant resource in the area. 
Commissioner McCall stated the oysters were larger than those from 
other areas. Commissioner Cattle asked what was the normal season? 
There being no further discussion. Chairman Babin asked Mr. Dugas 
to read the Therefore Be It Resolved portion of the Resolution. 
Commissioner McCall made a motion to adopt the Resolution and it 
was seconded by Commissioner Hanchey. The motion passed with no 
opposition.

(The full text of the Resolution and 
Declaration of Emergency is made a 
part of the record.)

RESOLUTION
CALCASIEU LAKE OYSTER SEASON INCREASE IN DAILY TAKE LIMIT

WHEREAS, the 1996/97 oyster season in Calcasieu Lake has been 
closed several times due to precautionary health 
closures, and

WHEREAS, the oyster resources on the Calcasieu Lake Public Oyster 
Tonging Area have been surveyed and samples indicate that 
there is a significant oyster resource in the public 
grounds, and

WHEREAS, R.S. 56:435.l.G and H allow for compensation for health 
closures, and

WHEREAS, R.S. 56:6(25) (a) allows the Commission to set daily take 
limits, now

THEREFORE BE IT RESOLVED, that effective February 6, 1997 and for.
the remainder of the oyster season in Calcasieu Lake, the 
daily take limit shall be 15 one and one-half bushel 
sacks per boat per day.

Daniel J. Babin, Chairman James H. Jenkins, Jr., Secretary
5



La. Wildlife & Fisheries 
Commission

La. Department of Wildlife & 
Fisheries

DECLARATION OF EMERGENCY
Department of Wildlife and Fisheries 
. Wildlife and Fisheries Commission

In accordance with the emergency provisions of the 
Administrative Procedure Act, R.S. 49:953 (B) and 967 and under the 
authority of R.S. 56:6(25)(a) and R.S. 56:435.1, notice is hereby 
given that the Wildlife and Fisheries Commission finds that 
imminent peril to the public welfare exists and hereby adopts the 
following emergency rule:

For the remainder of the 1996/97 season in Calcasieu Lake, the 
daily take limit shall be 15 one and one-half bushel sacks per boat 
per day. ,.' .

- Daniel J. Babin
Chairman

The 1997 Profiles & stock Assessments for Sheepshead, Southern 
Flounder, Striped Mullet & Black Drum were presented by Mr. Harry 
Blanchet. These reports are updates from the biological profiles 
and assessments presented to the Commission last year, commented 
Mr. Blanchet. Then he asked the Commission for approval to make a 
few editorial corrections before submitting the reports to the 
Legislature by,the deadline of March 1, 1997. Chairman Babin
reminded everyone Act 1316 required the Commission to review the 
reports and submit them to the Legislature. He then asked Mr. 
Blanchet to use layman's terms whenever possible. The first report 
discussed was on the Southern Flounder. The biological profile on 
Southern Flounder was identical to last year's except for inclusion 
of peer review comments. The stock assessment for Southern 
Flounder contained a few technical corrections, one of which was 
how natural mortality was estimated. A peer review comment 
received last year suggested the use of an age length key instead 
of a growth equation to age the sampled fishery and this method was 
used this year. The improved technique was the main reason for the 
changes’ in this year's stock assessment. The range for the 
spawning potential ratio from Table 5.3 in the stock assessment 
report was from 27.5 percent to 64.3 percent. Yield per recruit 
would be 90 percent if you use the low end of the range for natural 
mortality; whereas, if you use the high end of the range, yield per 
recruit would be 50 to 67 percent. Mr. Blanchet reported the „ 
spawning potential ratio would be lower in all reports for the low 
estimates of natural mortality and spawning potential ratios would 
be higher for high estimates. The method used to figure catch per 
unit effort for juvenile flounders was different this year from 
last year.
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The second report discussed was the biological profile of 
sheepshead. Mr. Blanchet suggested leaving the document as it was 
for the Legislature even though there may be some redundant figures 
in it. The stock assessment on sheepshead showed no real changes 
from last year's report in the methodology except for the spawning 
potential ratio and catch per unit effort. The results from Table 
5.1 showed the spawning potential ratio and the natural mortality 
rate range of 42.4 percent to estimates as high as 72 percent.

A correction made in the biological profile for black drum was 
citing Table 3.7 which was not included in the document the 
Commissioners received, but would be included in the copy for the 
Legislature. The biological profile for black drum happens to be 
the oldest document in the set with an inception date of 1989. The 
stock assessment report for black drum this year was very similar 
to last year's report. The spawning potential ratios ranged from 
42 percent to 67 percent and yield per recruit ranged from 45 
percent to 93 percent. An error in Section 5.3, Fishing Mortality, 
on the discussion of asymptotic length was incorrect and Mr. 
Blanchet stated it would be taken out of the report. Chairman 
Babin asked what is "asymptotic length"? Commissioner Cattle asked 
if length age for black drum was directly correlated to the length 
of the fish? but when other fish get to a certain length, the 
weight becomes a factor of age rather than length? Mr. Blanchet 
stated with black drum, as fish age, the fish continues to grow; 
but with other fish/ after they reach a certain size, they grow 
very little.

The last document reported on was striped mullet. The 
biological profile contained very little new material from 1996 due 
to the fact there was little new material being published around 
the Gulf of Mexico. Changes did occur in the stock assessment for 
striped mullet due to the use of an age length key. Commissioner 
Carver stated the estimates of natural mortality showed such 
variation that he questioned the validity of the stock assessment. 
He asked Mr. Blanchet if he was comfortable with the assessments 
and did he feel comfortable because of the available information. 
Then he asked if there was another way to decrease the width in the 
variations of natural mortality. Mr. Blanchet stated the 
Department was using the best information available and that there 
are benefits in presenting such a wide range of variations. The 
assessment would be refined as more data becomes available for each 
of the species, stated Mr. Blanchet. Commissioner Carver then 
asked if the assessment presented this year contained more 
information and was it more accurate than last year's report? Mr. 
Blanchet stated there was more information on the- flounder and 
mullet and less chance of making a mistake in the age that could 
influence the assessment. He also stated he was more comfortable 
with these reports as compared to previous reports. Commissioner 
Carver asked if this was the best information possible with the 
available data, and as time goes on, would the variations become 
compact and give a more accurate picture? Mr. Blanchet stated it

7



would give a more accurate picture of where the fishery has been 
and where it is going. The results on the stock assessment for 
mullet were: spawning potential ratio range of 34.3 to 66.3 
percent and yield per recruit was very near maximum levels 
depending on natural mortality rates.

Commissioner Carver asked Mr. Blanchet what was needed from 
the Commission? Mr. Blanchet stated a motion was needed accepting 
the reports with the editorial comments and modifications. 
Chairman Babin stated the reports were required to be sent to the 
Legislature from the Commission to be in compliance with Act 1316. 
Commissioner Carver made a motion to adopt the reports and forward 
them to the Legislature. The motion was seconded by Commissioner 
Hanchey and was unanimously approved.

A . Report of the . Effects of strike Net Fishing was also 
presented by Mr. Harry Blanchet. This report, also required by Act 
1316, was the biological implications of strike net fishing as it 
acts upon or influences saltwater finfish stocks, stated Mr. 
Blanchet. The biological impact of fishing depends upon,the number 
of fish removed-from the stock and the ages and sexes that are 
removed. • Mr. Blanchet stated he tried to describe the biological 
impact by-looking at^.selectivity, of the,mesh of various sizes of 
fish and the harvest, and by-catch of different species of fish by 
strike nets. Thej first thing looked at was the fishery independent 
gill nets. The information gathered was a consistent set of 
samples of different mesh sizes to show the different numbers and 
sizes of fish that can be taken. Reference was made to Tables 1, 
2, and the bar graphs which showed the different sizes of fish 
taken with each different m e s h . T h e  next table referenced was 
Table 3, the harvest of marine finfish by gear as reported by 
National Marine-Fisheries Service for 1978 through 1989. This 
table listed the total number of pounds of fish and percent taken 
by strike net, set gill net and other gear for that 12 year period. 
Chairman Babin asked what was considered other gear, and could rod 
and reel be included in this category?. Mr. Blanchet then explained 
Table 4, the results of a study conducted because of Act 1316. 
Figure 12 listed the length distribution of fish landed 
commercially with gill nets from 1994 through 1996. The bottom 
line of. the report, stated Mr. Blanchet, was to evaluate the use of 
a gear and what was going on in a stock. The recommendation from 
the Department contained on page 9 of the report was read by Mr. 
Blanchet.

Mr. Don Puckett stated the Commission was bound by Act 1316 to 
provide recommendations to.the legislation on whether commercial 
fisheries should be expanded, continued or eliminated. He then 
explained the Commission could recommend the fishery continue under 
the current system? the fishery could be expanded with a suggestion 
in what manner? or recommend elimination of the fishery and the 
basis for this recommendation. Chairman Babin asked, if the 
Commission recommended expanding the fishery to the Legislature,
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would the Legislature have the final word to expand or not? Mr. 
Puckett answered yes. Chairman Babin then asked Mr. Blanchet to 
give the Department's recommendation? Mr. Blanchet again referred 
to page 9 for the Department's recommendation. Commissioner 
Hanchey asked what was wrong with continuing the fishery as it is? 
Mr. Blanchet stated that was just one of the Commission's 
prerogative. Commissioner Hanchey then made a motion to continue 
the strike net fishery under the present statutes of Act 1316. 
Commissioner Carver seconded the motion. After reiterating the 
motion, Chairman Babin then opened the meeting to public comments.

Mr. George Barisich, Louisiana Seafood Management Council and 
United Commercial Fisherman's Association, stated he was under the 
impression the data was going to indicate a healthy stock. But if 
the Commission recommended staying with a status quo fishery, there 
would only be one month of net fishing for the fishermen. He 
suggested the Commission should recommend expanding the fishery 
because there is no problem with the net fishery or the resource. 
Chairman Babin stated the information compiled was just the 
beginning; it may take three or four years to find out where the 
fishery has been and where it is going. The reports do not suggest 
the fishery stocks are in better shape than they were a year ago, 
stated Chairman Babin. Mr. Barisich stated the data showed in 1995 
the net fishery should not have been taken away. The problem, 
according to Mr: Barisich, is that as Act 1316 goes along, the 
population of the fishery will explode into an unbalanced fishery. 
He then stated everyone needed to move ahead. Chairman Babin 
stated the information on a possible fish explosion could not be 
verified. Commissioner Gattle asked if the information available 
now showed a healthy balance. Then he stated, making statements on 
what may happen would only be speculation. Mr. Blanchet stated the 
Department was not making any projections. Mr. Barisich stated, if 
the fishery was healthy and could sustain a commercial take, why 
not recommend a limited season on the fishery.

Mr. Bill Herke stated, from what he has heard, the fishery had 
improved. He then felt the Department indicated there was not a 
need for Act 1316 last year, and with there being no change this 
year, he did not understand why the Commission was recommending the 
fishery continue at the same level. Chairman Babin stated the 
fishery would shut down at the end of February no matter what the 
Commission recommends. He also stated the Commission could not 
override what the Legislature votes on. Mr. Herke stated he 
thought the Legislature looks to the Commission for advice. 
Chairman Babin remarked the Legislature did not listen to the 
Commission when enacting Act.1316 and expecting the Legislature to 
act upon the Commission's recommendation would purely be 
speculation.

Mr. Myron Prosperie, Louisiana Commercial Fisherman of Dulac, 
stated the fishermen needed a year-round fishery. He then 
explained the cost of licenses that are used for only six months of
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the year. Also Mr. Prosperie stated the black drum fishery was not 
being fished due to the low selling price and consequently the 
stock assessment for the fishery showed it to be plentiful. He 
suggested making the charter boat captains fill out reports on 
their catches just as commercial fishermen have to do each month.
A rod and reel fishery would not compensate for the cost of 
licenses that are needed. Mr. Prosperie felt there was more of an 
impact on the industry with the season only being open six months 
instead of a year-round fishery. He then asked for a permit from 
the Department that would allow him to bring his by-catch to the 
biologists for their studies. Chairman Babin suggested he contact 
Mr. John Roussel since the Commission had no authority with that 
issue. Again, Mr. Prosperie stated there was room for a year-round 
fishery of drum and sheepshead to help Louisiana's economy.

Mr. Pete Gerica, Lake Pontchartrain Fisherman's Association 
and Louisiana Management Council, stated last year's stock 
assessment numbers indicated the fishery should be closed for - 
flounder but this year the numbers were higher and no one was 
recommending giving the fishermen a fishery. He asked why was 
there not a recommendation to up the numbers since the figures were 
above the management goal? He felt the intent of Act 1316 was to 
eliminate the commercial fisherman. He asked the Commission to 
reconsider the recommendation and help the commercial fishermen. 
Mr. Gerica also stated, when the commercial fishermen are gone, the 
recreational fishery will not be able to support Louisiana and 
tourism.

Ms. Marilyn Rotolo stated, if common sense was used, everyone 
would understand the fishery.population will boom unless there is 
a commercial take. She suggested the Commission recommend to the 
Legislature an expansion of the fishery and not eliminate it.

Mr. Kerry LaBauve stated Act 1316 required a recommendation 
from the Commission on whether the commercial fishermen should keep 
speckled trout and drum and that the mullet season would be 
automatic. Then he asked for someone to show him where in Act 1316 
it states that the drum and speckled trout fishery would end in 
1997. Mr. LaBauve suggested the Commission recommend the fishermen 
be allowed to use their nets to catch speckled trout and drum. He 
then asked that the commercial fishermen be allowed to use the nets 
to make a living for their families.

Mr. Paul Prudhomme, a restaurant owner in New Orleans, stated 
he was concerned about the resources in Louisiana and the heritage 
of the State..... He further stated the Commission's recommendation 
was the first step that would eventually eliminate all of the 
commercial fishing in Louisiana including harvesting for shrimp, 
oysters and crabs. In the long term, Louisiana's restaurants would 
have the same ingredients that are used throughout the country and 
Louisiana will loose its uniqueness that attracts people to our 
State. Mr. Prudhomme stated there was another side to this issue
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and that is families. He asked the Commission to reconsider their 
decision since it does not help families. He recommended studies 
be done over the next three years to find out about the fishery 
which would allow people to continue to make a living and supply 
fish to the restaurants. He asked the Commission to vote for the 
families and people and not vote for what may be or what might have 
happened or what may happen. He asked the Commission to recommend 
that the Legislature expand the fishery until it was known that 
what was being done was damaging the fishery. Chairman Babin 
stated the Commission has not made a decision because it has not 
been voted on yet. Mr. Prudhomme then changed his plea to vote 
down the motion.

Ms. Tracy Kuhns, Gulf Coast Commercial Fisherman's Coalition, 
stated the Commission has the authority and responsibility to 
manage fish and wildlife of the State for all citizens of 
Louisiana. With the stocks being healthy, she suggested 
recommending to the Legislature that the stocks be fished and it 
should also be decided whether the fishermen use strike nets, 
quotas, or some other kind of gear that would not hurt the stock. 
She also stated the strike net would be an efficient tool for the 
commercial fishermen to make a living with whereas the rod and reel 
is not. - . .'L ... '' . • l- •

Mr. Eugene Hickman, a commercial fisherman, stated he had a 
Class Three violation in 1984 that banned him from using nets. He 
then started using trot lines and was pretty successful with it. 
Then along came oil companies with their airboats and quarterboats 
polluting everything and no one was citing them. Mr. Hickman 
stated,’ with a healthy fish assessment, why not recommend the 
fishery be expanded for the people.

Ms. Marilyn Rotolo asked Chairman Babin what he meant when he 
said it was up to the Judge. Then she asked Chairman Babin if he 
felt the Judge was the person to make the decision on whether the 
fishery should be expanded? Chairman Babin stated the Judge was in 
a position to decide whether Act 1316 would become a reality. Ms. 
Rotolo stated she would rather the decision come from the 
Department or Commission instead of a Judge that knows nothing 
about the fishery.

Mr. George Barisich asked Mr. Blanchet if the landings for the 
fall of 1995 and 1996 seasons exceed, fall below or equal previous 
years landing figures for black drum, sheepshead and mullet? He 
also asked, during 1995, did the black drum fishery go down, did 
sheepshead stay the same and was mullet up? Mr. Blanchet stated 
that was correct. Mr. Barisich stated the landing figures went 
down because the equipment was used less than during previous 
year's. He asked the Commission to allow them to keep on fishing.

Secretary Jenkins stated the data presented does not reflect 
what has happened since Act 1316 became law and probably would not
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for another year or two. He then stated the critical number he has 
to look at is 30 for the spawning potential ratio. From the 
Department1s perspective, Secretary Jenkins felt nothing has 
changed since last year.

After taking a break, Chairman Babin reconvened the meeting 
continuing the discussion on the Report of Effects of Strike Net 
Fishing. Commissioner Hanchey asked to withdraw his motion. 
Chairman Babin stated there was a motion for the Commission to 
recommend to the Legislature to leave the fishery as is and that 
now it was being pulled by Commissioner Hanchey. Commissioner 
Carver withdrew his second. Chairman Babin then asked if there was 
another motion for consideration. Commissioner Carver made a 
motion that the Commission ask the Legislature to look at the 
possibility of expanding the fishery under a tightly regulated 
system recommended by the Department. Commissioner Hanchey 
seconded the motion. Secretary Jenkins stated the Department could 
not recommend such a system because the Department is a non
political entity and it could not divide a resource among user 
groupsZ - Then Commissioner Carver asked Mr. Puckett to read the 
wording,from Act 1316 that requires this report. Commissioner 
Carver.. restated ..his. motion to ask the Legislature to look at 
expanding the fishery under a tightly regulated system. 
Commissioner Hanchey seconded the motion. When Chairman Babin read 
the motion again, he, used the words "strict control" and 
Commissioner Cattle stated that was not what the motion said. 
Chairman Babin corrected the motion to read "tightly regulated".

- . '  t  . ! " : • . \ j  ■ : - ' > /  • *: i * ; . j v .  / . '  .  - . -, Mr. Kerry LaBauve stated one thing should be added to the
recommendation^ and that was, the.: proper management of quota 
allocations to the proper groups. Chairman Babin stated the 
Legislature would either say yes or no to the Commission's 
recommendation. T If the answer is yes, then the Commission and 
Department would promulgate regulations based on what the 
Legislature passes.

» • < - _Mr. George Taliansich, Councilman for Plaquemines Parish, 
stated' the black drum and sheepshead were the worst enemy the 
seafood, industry has. He stated he has been told there were plenty 
of fish for both the commercial and recreational fishermen to fish.

Hearing no further comment, the vote was called for. 
Commissioner Carver, Commissioner Hanchey.and Chairman Babin voted 
for the motion while Commissioner Cattle and Commissioner McCall 
voted against. The motion passed by a vote of three to two.

The Monthly Law Enforcement Report for January was given by 
Captain Keith LaCaze. The following numbers of citations were 
issued during the month of January.

Region I - Minden - 58 citations.
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Region II - Monroe - 86 citations.
Region III - Alexandria - 86 citations.
Region IV - Ferriday - 101 citations.
Region V - Lake Charles - 127 citations.
Region VI - Opelousas - 130 citations.
Region VII ^ Baton Rouge - 149 citations.
Region VIII - New Orleans - 172 citations.
Region IX - Thibodaux - 232 citations.
SWEP - 7 citations.
Seafood Investigative Unit - 43 citations.
Oyster Strike Force - 54 citations.
Statewide Strike Force - 48 citations.
The grand total of citations issued statewide for. the month of 

January was 1,293. ,
The aviation report for January 1997 showed enforcement pilots 

flew three airplanes a total of 77.4 hours for enforcement and 24.2 
hours for other divisions and a total of 21 citations were issued.

The first Division Report was on the Waterfowl Hunting Season 
and was given by Mr. Robert Helm. The waterfowl season was a 50 
day season with a five bird bag limit. Expectations were high 
going into the season due to good . reports from the breeding 
grounds. . The estimate of birds to come down from the breeding 
grounds was near 90 million. Last year's hunting season was one of 
the best in the past 20 years, stated Mr. Helm. The press gave the 
public a positive outlook on the hunting season due to the high 
number of birds. In early November, duck populations was near 2.4 
million, which was down from the long term average. Surveys were 
not completed in December. or January, but it was felt there was a 
relatively high duck population in the State and they were widely 
dispersed. The"weather was another issue of concern. The bottom 
line was conditions were ideal for the arrival of the ducks. But 
in October 1996, 10 inches of rain fell from Lake Charles to New 
Iberia which increased water levels two feet. The winter has been 
relatively mild with intermittent extremely cold periods. Hunting 
season results varied even within areas, stated Mr. Helm. The 
hunting was very poor during the first split in southwest Louisiana 
but did improve during the second split. Species composition 
showed increased numbers of scaup, ring-necks and shovelers, while
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pintail and mallard harvest numbers were down. Southeast Louisiana 
was the one bright spot having received consistently good reports. 
Also, hunters reported increased numbers of scaup. Catahoula Lake 
and central Louisiana had consistently poor reports with very few 
birds in the area. Northeast Louisiana had poor reports also but 
saw an improvement toward the end of the season. Overall the 
season was disappointing and below average. The mild weather and 
good habitat resulted in a wide distribution of the birds and a 
delayed migration. There should be more ducks heading north this 
year with good conditions for them to return to. Chairman Babin 
asked, when does the Department receive the parameters to set the 
season from the Fish and Wildlife Service? Mr. Helm stated the 
decisions were based on annual production which was not completed 
until July each year. Commissioner Cattle asked if the population 
studies done before the season were still good? Mr. Helm stated 
yes.

Mr. Robert Helm then gave a brief presentation on the North- 
American Symposium S Workshop which would be hosted by the 
Department and LSU. The dates for the symposium are February 12 
through February 16, 1997 and would be held at the Baton Rouge 
Hilton Hotel. It was anticipated there would be 300 attendees from 
all across North America. The 50 papers, to be presented fell 
within five categories, which included: Ecology and Management of
Northern Pintails? Ecology and Management of Sea DucksBeyond Nest 
Success: Brood Survival and Recruitment? Landscapes and
Agroecosystems? and Duck Harvest Management: Where Have We Been
and Where Are We Going?.. The symposium would, conclude with a field 
trip down to southwest Louisiana showing the rice fields and 
marshes. The meeting would be followed by the Mississippi Flyway 
Technical Section Meeting for the next five days. Commissioner 
Carver asked if the meeting was in Baton Rouge and was the public 
invited? ' . , .

The next division report on the Booker Fowler Fish Hatchery 
was a slide presentation by Mr. Arthur Williams. Mr. Williams 
reminded everyone the Department was in the process of completing 
a major hatchery construction job. The hatchery consists of 55 
one-acre ponds, 3 third-acre ponds, 15 quarter acre ponds, an 
office-hatchery-wet lab complex, a visitor center, 16 raceways, 
storage building and blower building. The water for the hatchery 
is supplied from Indian"Creek Reservoir. Inside the 14,000 square 
foot hatchery building are 40 fiberglass tanks where the intensive 
hatching would occur. The only portion of the hatchery not 
complete was the visitors center. There will be guided tours 
conducted in the hatchery building. The area will facilitate one 
residence for the hatchery supervisor. Commissioner McCall asked 
how deep are the ponds? Mr. Williams stated they are about 4 feet 
deep with vinyl lining in them. Commissioner Carver asked when 
would the hatchery be in operation and what would be the primary 
emphasis? Mr. Williams hoped to have Florida bass and three 
species of catfish produced this year. Commissioner Carver then
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stated that, from what he has seen, the hatchery is a State of the 
Art facility and the Department should be proud of it.

The last division report was a slide presentation on Triploid 
Grass Carp Removal in Caney Lake by Mr. Mike Wood. Caney Lake has 
produced 26 of the top 30 largest bass in the State. Caney Lake 
was impounded in 1986 and one of the problems with the lake has 
been hydrilla. Knowing that hydrilla could become a very serious 
problem in the lake, the Department initiated a plan to eradicate 
the plant. A herbicide treatment was made at a cost of $250,000 in 
several areas of the lake in an effort to knock it out. Due to one 
of the characteristics of hydrilla, the eradication program was 
eliminated. In 1993, an Aquatic Plant Management Plan was formed 
for Caney Lake and this plan allows for a 15 to 30 percent coverage 
of submerged aquatics for the lake. Triploid grass carp were 
stocked in Caney in an effort to control the plant. The rate of 
stocking was 8 carp per vegetated acre. After 18 months with the 
carp in the lake, submerged vegetation was almost gone. Some 
regrowth has occurred and continues to occur. In an effort to get 
to the 15 to 30 percent coverage, removal of the carp has begun. 
Efforts used to capture the carp included bowfishing, standardized 
sampling, fish management bait which has rotenone in it, gill nets, 
hook and line, lead nets and buckshot. The best way found to get 
rid of the carp thus far was the use of gill nets. Mr. Wood 
explained some of the problems encountered with bowfishing, feeders 
with the fish management bait and lead nets. The largest number of 
carp removed was 345 which came from the use of gill nets, and the 
total number removed was 693. The recommendations were to continue 
sampling, identify and implement the best means for carp removal 
and continue the removal of the carp. An unidentified speaker 
asked Mr. Wood if they knew the estimated percentage of carp to be 
removed to reach the 15 to 30 percent balance? Mr. Wood stated no, 
they have tried to stay away from numbers.

After several minutes of discussion, the Commissioners decided 
to hold the June 1997 Meeting on Thursday, June 5, 1997 beginning 
at 10:00 a.m. at the Booker Fowler Fish Hatchery near Woodworth, 
Louisiana. Committee meetings will be held before the regular 
meeting if there will be a long agenda. Otherwise, they will be 
held afterwards.

As a reminder, Chairman Babin announced the next Commission 
Meeting will be held on March 6, 1997 beginning at 10:00 a.m.

Chairman Babin then asked if there were any Public Comments. 
Mr. Hugh Smith thanked Secretary Jenkins and staff for the action 
taken requesting an extension of the duck season. Then Mr. Smith 
again appealed to the Commission to move the discussion on goose 
creeping to a meeting earlier than May 1997. If the item is 
discussed at the May meeting and a delay occurs, the hunters would 
be in the same position they were in for this season. Mr. Smith 
stated, from what he has read or been told, something must be done
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to increase the take on snow and blue geese. Chairman Babin stated 
there would be ample time for action to be taken if goose creeping 
was discussed at the May Commission Meeting.

Mr. Brad Tullos, representing the Wish I Could Organization, 
asked that the ATV trail rides on Wildlife Management Areas be 
placed on an agenda for discussion. At the July 1995 Commission 
Meeting, there was a discussion on having the rides cancelled. Mr. 
Tullos stated his organization has not had a chance to respond. He 
again asked to have this item placed on the April agenda for 
further discussion and possible re-consideration.

Chairman Babin thanked everyone for attending the meeting and 
stated, participation is the key to the Commissioner's decision 
making ..and their understanding of what is occurring in the State.

There being no further business. Commissioner McCall made a 
motion to Adjourn the meeting and it was seconded by Commissioner- 
Hanchey.

JHJ:sch
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MINUTES OF THE MEETING

OF

LOUISIANA WILDLIFE AND FISHERIES COMMISSION

Thursday, February 6, 1997

Chairman Daniel Babin presiding.

Jerald Hanchey 
Glynn Carver 
Tom Cattle 
Norman McCall

Secretary James H. Jenkins, Jr. was also present.

Commissioners Perry Gisclair and Joseph Cormier were absent 
from the meeting.

Chairman Babin called for a motion for approval of the January 
9, 1996 Commission Minutes. A motion for approval was made by
Commissioner Hanchey and seconded by Commissioner Carver. The 
motion passed with no opposition.

A Resolution Authorizing Chairman to Act on Real Estate 
Matters was presented by Mr. Bob Love. The Resolution would 
authorize the Chairman or Vice-Chairman to sign all acts necessary 
for the acquisition, alienation, exchange, encumbrance, acceptance 
of donations of immovable property for the Commission and 
Department. When the Chairman and Vice-Chairman ■wa-s' elected in 
January, this document needed to be updated. Mr. Love then read 
the Therefore Be It Resolved portion of the Resolution. 
Commissioner Carver made a motion to accept the Resolution and it 
was seconded by Commissioner Hanchey. The motion passed with no 
opposition.

Adopted by the Louisiana Wildlife and Fisheries Commission at 
its regular monthly meeting on February 6, 1997.

To authorize the Chairman of the Louisiana Wildlife and 
Fisheries Commission or in the Chairman's absence the Vice-Chairman 
to sign as necessary and otherwise do all acts required to 
consummate any and all documents relating to the acquisition, 
alienation, exchange, encumbrance or acceptance of donations of 
immovable property in the name of the Louisiana Wildlife and 
Fisheries Commission along with the Secretary of the Louisiana 
Department of Wildlife and Fisheries.

(The full text of the Resolution is 
made a part of the record.)

RESOLUTION



WHEREAS, the Commission is authorized by law to acquire by 
purchase, gift, eminent domain, or otherwise, all 
property necessary, useful or convenient for the use of 
the Commission; and

WHEREAS, the Commission may accept from any person, from the 
state, or from the federal government any lands or waters 
suitable for wildlife refuges, wildlife management areas, 
and public hunting grounds; and

WHEREAS, the Commission is authorized on behalf of the Department 
and the State of Louisiana to acquire land in any 
wilderness area in the State of Louisiana from a willing 
seller at a price agreed upon by the Secretary and the 
landowner; and

WHEREAS, the Commission and the Department, being the chief and 
principal stewards of wildlife and fisheries resources in 
the state, have since 1911 implemented one of the most 
successful land acquisition programs in America as a 
means of conserving wildlife and fisheries habitat and 
providing outdoor recreational opportunities for public 
users and are from time to time involved in the 
acquisition, alienation, exchange, encumbrance or 
acceptance of donations of immovable property.

THEREFORE BE IT RESOLVED, that the Louisiana Wildlife and Fisheries 
Commission hereby authorizes the Chairman or in the 
Chairman's absence the Vice-Chairman to sign as necessary 
and otherwise do all acts required to consummate any and 
all documents relating to the acquisition, alienation, 
encumbrance or acceptance of donations of immovable 
property in the name of the Louisiana Wildlife and 
Fisheries Commission along with the Secretary of the 
Louisiana Department of Wildlife and Fisheries.

Daniel J. Babin, Chairman James H. Jenkins, Jr., Secretary 
La. Wildlife & Fisheries La. Department of Wildlife & 
Commission Fisheries

Mr. Bennie Fontenot presented a Notice of Intent for Spanish 
Lake Game & Fishing Preserve Commission Regulations. These 
regulations are for special rules for Spanish Lake, which is 
governed by the local lake Commission. The lake is undergoing a 
renovation project' in order to make it a first-class recreational 
area. The regulations contained in the Notice of Intent have been 
adopted by the Spanish Lake Commission. Mr. Fontenot then 
introduced Ms. Greta Green, Chairman of the Lake Commission. Ms. 
Green stated the Lake Commission has worked long and hard to make 
Spanish Lake an enjoyable place for all citizens to enjoy. She 
then asked the Commission to approve the regulations. Commissioner
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Carver asked where is Spanish Lake located and how large is the 
lakef Ms. Green stated the lake is located in Iberia Parish and is
approximately 1,200 acres in size. Commissioner Cattle asked if____ _^
the regulations only encompass the lake or include an area
around the lake? Ms. Green stated the rules would affect the lake 
itself and would also help secure the area. The lake has been
vandalized and trashed recently, stated Ms. Green.___ J2he-------
improvements made to the lake included^a new levee, a crow's foot, S
five fishing piers and the enhancement of the boat launching areas. 
Commissioner McCall asked how many roads lead to the lake? Ms.
Green stated there are only two roads that lead to the lake and one 
would be used for an entrance to the lake and the other would be to 
exit. Chairman Babin asked if there would be any exposure for the 
Commission or Department. Mr. Don Puckett stated the regulations 
have been reviewed and agreed upon by the staff. He did not 
foresee any additional liability. Chairman Babin then asked if the 
Department had any expenses or would receive any revenues from the 
lake. Commissioner Carver asked who would be responsible for 
stocking the lake? Mr. Fontenot stated it would be stocked by the 
Department since it was a public lake. Mr. Puckett stated the 
regulations could be approved by an oral motion. Commissioner 
Hanchey stated he was familiar with the lake and felt the 
regulations would be good. He then made a motion to adopt the 
Notice of Intent and it was seconded by Commissioner Carver. The 
motion passed with no opposition.

(The full text of the Notice of 
Intent is made a part of the 
record.)

NOTICE OF INTENT

Department of Wildlife and Fisheries 
Wildlife and Fisheries Commission

The Wildlife and Fisheries Commission hereby advertises its 
intent to adopt a rule establishing visitor regulations for Spanish 
Lake State Game and Fishing Preserve.

Title 76

WILDLIFE AND FISHERIES
Part III. State Game and Fish Preserves and Sanctuaries 

Chapter 3. Particular Game and Fish Preserves and Commissions 
§329. Spanish Lake state Game and Fishing Preserve

General
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1. The preserve will open one-half hour before official 
sunrise and close one-half hour after official sunset. It will be 
closed to all nighttime activities.

2. Existing gates will remain in place. Parking is 
restricted to designated parking areas.

3. The levee road will have one-way traffic with the 
entrance at the boat ramp and the exit on Bernard Drive.

4. ATV's (three wheelers and four wheelers) and 
motorbikes are prohibited on the levee.

5. Discharge of any firearms on the levees is 
prohibited.

6. Overnight camping is prohibited, except by special 
permit issued by Spanish Lake Game and Fishing Preserve Commission 
for supervised groups only.

7. The possession or use of commercial nets, including 
hoop nets, trammel nets, gill nets and fish seines, is prohibited, 
except by special permit issued by the Louisiana Department of 
Wildlife and Fisheries.

8. No trapping of furbearing animals, except by special 
permit issued by the Louisiana Department of Wildlife and 
Fisheries.

AUTHORITY NOTE: Promulgated in accordance with R.S. 56:6,
721, et seq. and 801 and R.S. 36:610.

HISTORICAL NOTE: Promulgated by Department of Wildlife and
Fisheries, Wildlife and Fisheries Commission, LR 23 .

The Secretary of the Department of Wildlife and Fisheries is 
authorized to take any and all necessary steps on behalf of the 
Commission to promulgate and effectuate this notice of intent and 
the final rule, including but not limited to, the filing of the 
fiscal and economic impact statement, the filing of the notice of 
intent and final rule and the preparation of reports and 
correspondence to other agencies of government.

Interested persons may comment on the proposed rule in writing 
to Mr. Bennie Fontenot, Administrator, Inland Fisheries Division, 
Department of Wildlife and Fisheries, Box 98000, Baton Rouge, LA 
70898-9000 until 4:30 p.m., Thursday, May 1, 1997.

Daniel J. Babin 
Chairman

Mr. Ron Dugas presented the next item, a Declaration of 
Emergency to Adjust Daily Sack Limit for Oysters in Calcasieu Lake
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and West Cove. Mr. Dugas stated Representative Dan Flavin has 
requested the Commission approve an increase in the daily take 
limit from 10 sacks to 15 sacks. The statute states, if a health 
closure occurs for three consecutive daysA the sack limit could be 
raised to 15 per day. Mr. Dugas stated there was no problem with 
the resource and the fishermen are getting a good price for the 
oysters in that area. Commissioner McCall stated he has talked 
with oyster dealers in Cameron and Hackberry agsga—and they are in 
favor of increasing the sack limit. Commissioner Carver asked how 
much of the oyster season was lost due to closures? Mr. Dugas 
stated 20 percent. Commissioner McCall asked if the last closure 
was for five days? Then Commissioner Carver asked if there would 
be any biological implications that would damage the oyster 
populations? Mr. Dugas stated there was a significant resource in 
the area. Commissioner McCall stated the oysters were larger than 
those from other areas. Commissioner Cattle asked what was the 
normal season? There being no further discussion, Chairman Babin 
asked Mr. Dugas to read the Therefore Be It Resolved portion of the 
Resolution. Commissioner McCall made a motion to adopt the 
Resolution and it was seconded by Commissioner Hanchey. The motion 
passed with no opposition.

(The full text of the Resolution and 
Declaration of Emergency is made a 
part of the record.)

RESOLUTION

CALCASIEU LAKE OYSTER SEASON INCREASE IN DAILY TAKE LIMIT

WHEREAS, the 1996/97 oyster season in Calcasieu Lake has been 
closed several times due to precautionary health 
closures, and

WHEREAS, the oyster resources on the Calcasieu Lake Public Oyster 
Tonging Area have been surveyed and samples indicate that 
there is a significant oyster resource in the public 
grounds, and

WHEREAS, R.S. 56:435.l.G and H allow for compensation for health 
closures, and

WHEREAS, R.S. 56:6(25) (a) allows the Commission to set daily take 
limits, now

THEREFORE BE IT RESOLVED, that effective February 6, 1997 and for 
the remainder of the oyster season in Calcasieu Lake, the 
daily take limit shall be 15 one and one-half bushel 
sacks per boat per day.

Daniel J. Babin, Chairman James H. Jenkins, Jr., Secretary



La. Wildlife & Fisheries 
Commission

La. Department of Wildlife & 
Fisheries

DECLARATION OF EMERGENCY

Department of Wildlife and Fisheries 
Wildlife and Fisheries Commission

In accordance with the emergency provisions of the 
Administrative Procedure Act, R.S. 49:953(8) and 967 and under the 
authority of R.S. 56:6(25)(a) and R.S. 56:435.1, notice is hereby 
given that the Wildlife and Fisheries Commission finds that 
imminent peril to the public welfare exists and hereby adopts the 
following emergency rule:

For the remainder of the 1996/97 season in Calcasieu Lake, the 
daily take limit shall be 15 one and one-half bushel sacks per boat 
per day.

Daniel J. Babin 
Chairman

The 1997 Profiles & Stock Assessments for Sheepshead, Southern 
Flounder, Striped Mullet & Black Drum were presented by Mr. Harry 
Blanchet. These reports are updates from the biological profiles 
and assessments presented to the Commission last year, commented 
Mr. Blanchet. Then he asked the Commission for approval to make a 
few editorial corrections before submitting the reports to the 
Legislature by the deadline of March 1, 1997. Chairman Babin 
reminded everyone Act 1316 required the Commission to review the 
reports and submit: them to the Legislature. He then asked Mr. 
Blanchet to use layman's terms whenever possible. The first report 
discussed was on the Southern Flounder. The biological profile on 
Southern Flounder was identical to last year's except for inclusion 
of peer review comments. The stock assessment for Southern 
Flounder contained a few technical corrections, one of which was 
how natural mortality was estimated. A peer review comment 
received last year suggested the use of an ageV length Key^instead 
of a growth equation to age the sampled fishery and this method was 
used this year. The improved technique was the main reason for the 
changes in this year's stock assessment. The range for the 
spawning potential ratio from Table 5.3 in the stock assessment 
report was from 27.5 percent to 64.3 percent. Yield per recruit 
would be 90 percent if you use the low end of the range for natural 
mortality; whereas, if you use the high end of the range, yield per 
recruit would be 50 to 67 percent. Mr. Blanchet reported the 
spawning potential ratio would be lower in all reports for the low 
estimates of natural mortality and spawning potential ratios would 
be higher for high estimates. The method used to figure catch per 
unit effort for juvenile flounders was different this year from 
last year.
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The second report discussed was the biological profile of 
sheepshead. Mr. Blanchet suggested leaving the document as it was 
for the Legislature even though there may be some redundant figures 
<G^%iin it. The stock assessment on sheepshead showed no real 
changes from last year's report in the methodology except for the 
spawning potential ratio and catch per unit effort. The results 
from Table 5.1 showed the spawning potential ratio and the natural 
mortality rate range of 42.4 percent to estimates as high as 72 
percent.

A correction made in the biological profile for black drum was 
citing Table 3.7 which was not included in the document the 
Commissioners received, but would be included in the copy for the 
Legislature. The biological profile for black drum happens to be 
the oldest document in the set with an inception date of 1989. The 
stock assessment report for black drum this year was very similar 
to last year's report. The spawning potential ratios ranged from 
42 percent to 67 percent and yield per recruit ranged from 45 
percent to 93 percent. An error in Section 5.3, Fishing Mortality, 
on the discussion of asymptotic length was incorrect and SP’Tlr. 
Blanchet stated it would be taken out of the report. Chairman 
Babin asked what is "asymptotic length"? Commissioner Cattle asked 
if length age for black drum was directly correlated to the length 
of the fish; but when other fish get to a certain length, the 
weight becomes a factor of age rather than length? Mr. Blanchet 
stated with black drum, as fish age, the fish continues to grow; 
but with other fish, after they reach a certain size, they grow 
very little.

The last document reported on was striped mullet. The 
biological profile contained very little new material from 1996 due 
to the fact there was little new material being published around 
the Gulf of Mexico. Changes did occur in the stock assessment for 

^ striped mullet due to the use of an age length key. Commissioner 
/ Carver stated the estimates of natural mortality showed such 
' variation^ therft he questioned the validity of the stock assessment. 

He asked MfT^Blanchet if he was comfortable with the assessments 
he feel comfortable because of the available information. 

Then he asked if there was another way to decrease the width in the 
variations of natural mortality. Mr. Blanchet stated the 
Department was using the best information available and that there 
are benefits in presenting such a wide range of variations. The 
assessment would be refined as more data becomes available for each 
of the species, stated Mr. Blanchet. Commissioner Carver then 
asked if the assessment presented this year contained more 
information and was it more accurate than last year's report? Mr.
Blanchet_stated there was more information on the flounder and
mullet and less chance# of making a mistake in the age that could 
influence the assessment. He also stated he was more comfortable 
with these reports as compared to previous reports. Commissioner 
Carver asked if this was the best information possible with the 
available data, and as time goes on, would the variations become
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compact and give a more accurate picture? Mr. Blanchet stated it 
would give a more accurate picture of where the fishery has been 
and where it is going. The results on the stock assessment for 
mullet were: spawning potential ratio range of 34.3 to 66.3 
percent and yield per recruit was very near maximum levels 
depending on natural mortality rates.

Commissioner Carver asked Mr. Blanchet what was needed from 
the Commission? Mr. Blanchet stated a motion was needed accepting
the reports with the editorial comments and modifications.____ ^
Chairman Babin stated the reports were wh5t^wa€-required to be sent 
to the Legislature from the Commission to be in compliance with Act 
1316. Commissioner Carver made a motion to adopt the reports and 
forward them ,%%? to the Legislature. The motion was seconded by 
Commissioner Hanchey and was unanimously approved.

A Report of the Effects of Strike Net Fishing was also 
presented by Mr. Harry Blanchet. This report, also required by Act 
1316, was the biological implications of strike net fishing as it 
-aetred- upon or influences saltwater finfish stocks, stated Mr.
Blanchet. The biological impact of fishing depends upon the number 
of fish removed from the stock and the ages and sexes that are 
removed. Mr. Blanchet stated he tried to describe the biological 
impact by looking at selectivity of the mesh of various sizes of 
fish and the harvest and by-catch of different species of fish by 
strike nets. The first thing looked at was the fishery independent 
gill nets. The information gathered was a consistent set of 
samples of different mesh sizes to show the different numbers and 
sizes of fish that can be taken. Reference was made to Tables 1,
2, and the bar graphs which showed the different sizes of fish 
taken with each different mesh. The next table referenced was 
Table 3, the harvest of marine finfish by gear as reported by 
National Marine Fisheries Service for 1978 through 1989. This 
table listed the total number of pounds of fish and percent taken 
by strike net, set gill net and other gear for that 12 year period.
Chairman Babin asked what was considered other gear, and could rod 
and reel be included in this category? Mr. Blanchet then explained 
Table 4, the results of a study conducted because of Act 1316.
Figure 12 listed the length distribution of fish landed 
commercially with gill nets from 1994 through 1996. The bottom 
line of the report, stated Mr. Blanchet, was to evaluate the use of 
a gear and what was going on in a stock. The recommendation from 
the Department contained on page 9 of the report was read by Mr.
Blanchet.

Mr. Don Puckett stated the Commission was 
provide recommendations to the legislation
fisheries should be expanded, continued or eliminated. He then 
explained the Commission could recommend the fishery continue under 
the current system; the fishery could be expanded with a suggestion 
in what manner; or recommend elimination of the fishery and the 
basis for this recommendation. Chairman Babin asked, if the

bound by Act 1316 to 
Vwhether commercial
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Commission recommended expanding the fishery to the Legislature, 
would the Legislature have the final word to expand or not? Mr. 
Puckett answered yes. Chairman Babin then asked Mr. Blanchet to 
give the Department's recommendation? Mr. Blanchet again referred 
to page 9 for the Department's recommendation. Commissioner 
Hanchey asked what was wrong with continuing the fishery as it is? 
Mr. Blanchet stated that was just one of the Commission's 
prerogative. Commissioner Hanchey then made a motion to continue 
the strike net fishery under the present statutes of Act 1316. 
Commissioner Carver seconded the motion. After reiterating the 
motion, Chairman Babin then opened the meeting to public comments.

Mr. George Barisich, Louisiana Seafood Management Council and 
United Commercial Fisherman's Association, stated he was under the 
impression the data was going to indicate a healthy stock. But if 
the Commission recommended staying with a status quo fishery, there 
would only be one month of net fishing for the fishermen. He 
suggested the Commission should recommend expanding the fishery 
because there is no problem with the net fishery or the resource. 
Chairman Babin stated the information compiled was just the 
beginning; it may take three or four years to find out where the 
fishery has been and where it is going. The reports do not suggest 
the fishery stocks are in better shape than they were a year ago, 
stated Chairman Babin. Mr. Barisich stated the data showed in 1995 
the net fishery should not have been taken away. The problem, 
according to Mr. Barisich, is that as Act 1316 goes along, the 
population of the fishery will explode into an unbalanced fishery. 
He then stated everyone needed to move ahead. Chairman Babin 
stated the information on a possible fish explosion could not be 
verified. Commissioner Cattle asked if the information available 
now showed a healthy balance. Then he stated, making statements on 
what may happen would only be speculation^ Mr. Blanchet stated the 
Department was not making any projections. Mr. Barisich stated, if 
the fishery was healthy and could sustain a commercial take, why 
not recommend a limited season on the fishery.

Mr. Bill Herke stated, from what he has heard, the fishery had 
improved. He then felt the Department indicated there was not a 
need for Act 1316 last year, and with there being no change this 
year, he did not understand why the Commission was recommending the 
fishery continue at the same leveL.^^Chairman Babin stated the 
fishery would shut down at the efuPof February no matter what the 
Commission recommends. He alrso^ stated/ the Commission could not 
override what the Legislature votes /on. Mr. Herke stated he 
thought the Legislature /iook5>’ to the Commission for advice.
Chairman Babin remarked phe Legislature did not listen to_the.
Commission when enacting /Act 13>o and EEe Legislature to act 
upon the Commission's recpmmepdation would purely be speculation.

Mr. Myron Prosperie, Louisiana Commercial Fisherman of Dulac, 
stated the fishermen needed a year-round fishery. He then 
explained the cost of licenses that are used for only six months of
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the year. Also Mr. Prosperie stated the black drum fishery was not 
being fished due to the low selling price and consequently the 
stock assessment for the fishery showed it to be plentiful. He 
suggested making the charter boat captains fill out reports on 
their catches just as commercial fishermen have to do each month. 
A rod and reel fishery would not compensate for the cost of 
licenses that are needed. Mr. Prosperie felt there was more of an 
impact on the industry with the season only being open six months 
instead of a year-round fishery. He then asked for a permit from 
the Department that would allow him to bring his by-catch to the 
biologists for their studies. Chairman Babin suggested he contact 
Mr. John Roussel since the Commission had no authority with that 
issue. Again, Mr. Prosperie stated there was room for a year-round 
fishery of drum and sheepshead to help Louisiana's economy.

Mr. Pete Gerica, Lake Pontchartrain Fisherman's Association 
and Louisiana Management Council, stated last year's stock 
assessment numbers indicated the fishery should be closed for 
flounder but this year the numbers were higher and no one was 
recommending giving the fishermen a fishery. He asked why was 
there not a recommendation to up the numbers since the figures were 
above the management goal? He felt the intent of Act 1316 was to 
eliminate the commercial fisherman. He asked the Commission to 
reconsider the recommendation and help the commercial fishermen. 
Mr. Gerica also stated, when the commercial fishermen are gone, the 
recreational fishery will not be able to support Louisiana and 
tourism.

Ms. Marilyn Rotolo stated, if common sense was used, everyone 
would understand the fishery population will boom unless there is 
a commercial take. She suggested the Commission recommend to the 
Legislature an expansion of the fishery and not eliminate it.

Mr. Kerry LaBauve stated Act 1316 required a recommendation 
from the Commission on whether the commercial fishermen should keep 
speckled trout and drum and that the mullet season would be 
automatic. Then he asked for someone to show him where in Act 1316 
it states that the drum and speckled trout fishery would end in 
1997. Mr. LaBauve suggested the Commission recommend the fishermen 
be allowed to use their nets to catch speckled trout and drum. He 
then asked that the commercial fishermen be allowed to use the nets 
to make a living for their families.

Mr. Paul Prudhomme, a restaurant owner in New Orleans, stated 
he was concerned about the resources in Louisiana and the heritage 
of the State. He further stated the Commission's recommendation 
was the first step that would eventually eliminate all of the 
commercial fishing in Louisiana including harvesting for shrimp, 
oysters and crabs. In the long term, Louisiana's restaurants would 
have the same ingredients that are used throughout the country and 
Louisiana will loose its uniqueness that attracts people to our 
State. Mr. Prudhomme stated there was another side to this issue
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and that is families. He asked the Commission to reconsider their 
decision since it does not help families. He recommended studies 
be done over the next three years to find out about the fishery 
which would allow people to continue to make a living and supply 
fish to the restaurants. He asked the Commission to vote for the 
families and people and not vote for what may be or what might have 
happened or what may happen. He asked the Commission to recommend 
that the Legislature expand the fishery until it was known that 
what was being done was damaging the fishery. Chairman Babin 
stated the Commission has not made a decision because it has not 
been voted on yet. Mr. Prudhomme then changed his plea to vote 
down the motion.

Ms. Tracy Kuhns, Gulf Coast Commercial Fisherman's Coalition, 
stated the Commission has the authority and responsibility to 
manage fish and wildlife of the State for all citizens of 
Louisiana. With the stocks being healthy, she suggested 
recommending to the Legislature that the stocks be fished and it 
should also be decided whether the fishermen use strike nets, 
quotas, or some other kind of gear that would not hurt the stock. 
She also stated the strike net would be an efficient tool for the 
commercial fishermen to make a living with whereas the rod and reel 
is not.

Mr. Eugene Hickman, a commercial fisherman, stated he had a 
Class Three violation in 1984 that banned him from using nets. He 
then started using trot lines and was pretty successful with it. 
Then along came oil companies with their airboats and quarterboats 
polluting everything and no one was citing them. Mr. Hickman 
stated, with a healthy fish assessment, why not recommend the 
fishery be expanded for the people.

Ms. Marilyn Rotolo asked Chairman Babin what he meant when he 
said it was up to the Judge. Then she asked Chairman Babin if he 
felt the Judge was the person to make the decision on whether the 
fishery should be expanded? Chairman Babin stated the Judge was in 
a position to decide whether Act 1316 would become a reality. Ms. 
Rotolo stated she would rather the decision come from the 
Department or Commission instead of a Judge that knows nothing 
about the fishery.

Mr. George Barisich asked Mr. Blanchet if the landings for the 
fall of 1995 and 1996 seasons exceed, fall below or equal previous 
years, landing figures for black drum, sheepshead and mullet? He 
also a^kepl\^^during 1995, did the black drum fishery go down, did 
sheepshead stay the same and was mullet up? Mr. Blanchet stated 
that was correct. Mr. Barisich stated the landing figures went 
down because the equipment was used less than during previous 
year's. He asked the Commission to allow them to keep on fishing.

Secretary Jenkins stated the data presented does not reflect 
what has happened since Act 1316 became law and probably would not
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for another year or two. He then stated the critical number he has 
to look at is 30 for the spawning potential ratio. From the 
Department's perspective, Secretary Jenkins felt nothing has 
changed since last year.

After taking a break. Chairman Babin reconvened the meeting 
continuing the discussion on the Report of Effects of Strike Net 
Fishing. Commissioner Hanchey asked to withdraw his motion. 
Chairman Babin stated there was a motion for the Commission to 
recommend to the Legislature to leave the fishery as is and that 
now it was being pulled by Commissioner Hanchey. Commissioner 
Carver withdrew his second. Chairman Babin then asked if there was 
another motion for consideration. Commissioner Carver made a 
motion that the Commission ask the Legislature to look at the 
possibility of expanding the fishery under a tightly regulated 
system recommended by the Department. Commissioner Hanchey 
seconded the motion. Secretary Jenkins stated the Department could 
not recommend such a system because the Department is a non
political entity and it could not divide a resource among user 
groups. Then Commissioner Carver asked Mr. Puckett to read the 
wording from Act 1316 that requires this report. Commissioner 
Carver restated his motion to ask the Legislature to look at 
expanding the fishery under a tightly regulated system. 
Commissioner Hanchey seconded the motion. When Chairman Babin read 
the motion again, he used the words "strict control" and 
Commissioner Cattle stated that was not what the motion said. 
Chairman Babin corrected the motion to read "tightly regulated".

Mr. Kerry LaBauve stated one thing should be added to the 
recommendation and that was the proper management of quota 
allocations to the proper groups. Chairman Babin stated the 
Legislature would either say yes or no to the Commission's 
recommendation. If the answer is yes, then the Commission and 
Department would promulgate regulations based on what the 
Legislature passes.

Mr. George Taliansich, Councilman for Plaquemines Parish, 
stated the black drum and sheepshead were the worst enemy the 
seafood industry has. He stated he has been told there were plenty 
of fish for both the commercial and recreational fishermen to fish.

Hearing no further comment, the vote was called for. 
Commissioner Carver, Commissioner Hanchey and Chairman Babin voted 
for the motion while Commissioner Cattle and Commissioner McCall 
voted against. The motion passed by a vote of three to two.

The Monthly Law Enforcement Report for January was given by 
Captain Keith LaCaze. The following numbers of citations were 
issued during the month of January.

Region I - Minden - 58 citations.

1 2



Region II - Monroe - 86 citations.

Region III - Alexandria - 86 citations.

Region IV - Ferriday - 101 citations.

Region V - Lake Charles - 127 citations.

Region VI - Opelousas - 130 citations.

Region VII - Baton Rouge - 149 citations.

Region VIII - New Orleans - 172 citations.

Region IX - Thibodaux - 232 citations.

SWEP - 7 citations.

Seafood Investigative Unit - 43 citations.

Oyster Strike Force - 54 citations.

Statewide Strike Force - 48 citations.
The grand total of citations issued statewide for the month of 

January was 1,293.

The aviation report for January 1997 showed enforcement pilots 
flew three airplanes a total of 77.4 hours for enforcement and 24.2 
hours for other divisions and a total of 21 citations were issued.

The first Division Report was on the Waterfowl Hunting Season 
and was given by Mr. Robert Helm. The waterfowl season was a 50 
day season with a five bird bag limit. Expectations were high 
going into the season due to good reports from the breeding 
grounds. The estimate of birds to come down from the breeding 
grounds was near 90 million. Last year's hunting season was one of 
the best in the past 20 years, stated Mr. Helm. The press gave the 
public a positive outlook on the hunting season due to the high 
number of birds. In early November, duck populations was near 2.4 
million, which was down from the long term average. Surveys were 
not completed in December or January, but it was felt there was a 
relatively high duck population in the State and they were widely 
dispersed. The weather was another issue of concern. The bottom 
line was conditions were ideal for the arrival of the ducks. But 
in October 1996, 10 inches of rain fell from Lake Charles to New 
Iberia which increased water levels two feet. The winter has been 
relatively mild with intermittent extremely cold periods. Hunting 
season results varied even within areas, stated Mr. Helm. The 
hunting was very poor during the first split in southwest Louisiana 
but did improve during the second split. Species composition 
showed increased numbers of scaup, ring-necks and shovelers, while
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pintail and mallard harvest numbers were down. Southeast Louisiana 
was the one bright spot having received consistently good reports. 
Also, hunters reported increased numbers of scaup. Catahoula Lake 
and central Louisiana had consistently poor reports with very few 
birds in the area. Northeast Louisiana had poor reports also but 
saw an improvement toward the end of the season. Overall the 
season was disappointing and below average. The mild weather and 
good habitat resulted in a wide distribution of the birds and a 
delayed migration. There should be more ducks heading north this 
year with good conditions for them to return to. Chairman Babin 
asked^when does the Department receive the parameters to set the 
season from the Fish and Wildlife Service? Mr. Helm stated the 
decisions were based on annual production which was ndt completed 
until July each year. Commissioner Cattle asked if the population 
studies done before the season were still good? Mr. Helm stated 
yes.

Mr. Robert Helm then gave a brief presentation on the North 
American Symposium & Workshop which would be hosted by the 
Department and LSU. The dates for the symposium are February 12 
through February 16, 1997 and would be held at the Baton Rouge 
Hilton Hotel. It was anticipated there would be 300 attendees from 
all across North America. The 50 papers to be presented fell 
within five categories, which included: Ecology and Management of 
Northern Pintails; Ecology and Management of Sea Ducks; Beyond Nest 
Success: Brood Survival and Recruitment; Landscapes and 
Agroecosystems; and Duck Harvest Management: Where Have We Been 
rand Where Are We Going? . The symposium would conclude with a field 
trip down to southwest Louisiana showing the rice fields and 
marshes. The mWerthg mduTcTy f<a^Ow==wi?thr~"the Mississippi Flyway 
Technical Section Meeting for the next five days. Commissioner 
Carver asked if the meeting was in Baton Rouge and was the public 
invited?

The next division report on the Booker Fowler Fish Hatchery 
was a slide presentation by Mr. Arthur Williams. Mr. Williams 
reminded everyone the Department was in the process of completing 
a major hatchery construction job. The hatchery consists of 55 
one-acre ponds, 3 third-acre ponds, 15 quarter acre ponds, an 
office-hatchery-wet lab complex, a visitor center, 16 raceways, 
storage building and blower building. The water for the hatchery 
is supplied from Indian Creek Reservoir. Inside the 14,000 square 
-fcfOt—ha'tcherŷ bul'l'il'n'ĝ 'is 40 fiberglass tanks where the intensive 
hatching would occur. The only portion of the hatchery not 
complete was the visitors center. There will be guided tours 
conducted in the hatchery building. The area will facilitate one 
residence for the hatchery supervisor. Commissioner McCall asked 
how deep are the ponds? Mr. Williams stated they are about 4 feet 
deep with vinyl lining in them. Commissioner Carver asked when 
would the hatchery be in operation and what would be the primary 
emphasis? Mr. Williams hoped to have Florida bass and three 
species of catfish produced this year. Commissioner Carver then



stated/from what he has seen, the hatchery is a State of the Art 
facility and the Department should be proud of it.

The last division report was a slide presentation on Triploid 
Grass Carp Removal in Caney Lake by Mr. Mike Wood. Caney Lake has 
produced 26 of the top 30 largest bass in the State. Caney Lake 
was impounded in 1986 and one of the problems with the lake has 
been hydrilla. Knowing that hydrilla could become a very serious 
problem in the lake, the Department initiated a plan to eradicate 
the plant. A herbicide treatment was made at a cost of $250,000 in 
several areas of the lake in an effort to knock it out. Due to one 
of the characteristics of hydrilla, the eradication program was 
eliminated. In 1993, an Aquatic Plant Management Plan was formed 
for Caney Lake and this plan allows for a 15 to 30 percent coverage 
of submerged aquatics for the lake. Triploid grass carp were 
stocked in Caney in an effort to control the plant. The rate of 
stocking was 8 carp per vegetated acre. After 18 months with the 
carp in the lake, submerged vegetation was almost gone. Some 
regrowth has occurred and continues to occur. In an effort to get 
to the 15 to 30 percent coverage, removal of the carp has begun. 
Efforts used to capture the carp included bowfishing, standardized 
sampling, fish management bait which has rotenone in it, gill nets, 
hook and line, lead nets and buckshot. The best way found to get 
rid of the carp thus far was the use of gill nets. Mr. Wood 
explained some of the problems encountered with bowfishing, feeders 
with the fish management bait and lead nets. The largest number of 
carp removed was 345 which came from the use of gill nets, and the 
total number removed was 693 . The recommendations were to continue 
sampling, identify and implement the best means for carp removal 
and continue the removal of the carp. An unidentified speaker 
asked Mr. Wood if they knew the estimated percentage of carp to be 
removed to reach the 15 to 30 percent balance? Mr. Wood stated no, 
they have tried to stay away from numbers.

After several minutes of discussion, the Commissioners decided 
to hold the June 1997 Meeting on Thursday, June 5, 1997 beginning 
at 10:00 a.m. at the Booker Fowler Fish Hatchery near Woodworth, 
Louisiana. Committee meetings will be held before the regular.

As a reminder, Chairman Babin announced the next Commission 
Meeting will be held on March 6, 1997 beginning at 10:00 a.m.

Chairman Babin then asked if there were any Public Comments. 
Mr. Hugh Smith thanked Secretary Jenkins and staff for the action 
taken requesting an extension of the duck season. Then Mr. Smith 
again appealed to the Commission to move the discussion on goose 
creeping to a meeting earlier than May 1997. If the item is 
discussed at the May meeting and a delay occurs, the hunters would 
be in the same position they were in for this season. Mr. Smith 
stated, from what he has read or been told, something must be done
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to increase the take on snow and blue geese. Chairman Babin stated 
there would be ample time for action to be taken if goose creeping 
was discussed at the May Commission Meeting.

Mr. Brad Tullos, representing the Wish I Could Organization, 
asked that the ATV trail rides on Wildlife Management Areas be 
placed on an agenda for discussion. At the July 1995 Commission 
Meeting, there was a discussion on having the rides cancelled. Mr. 
Tullos stated his organization has not had a chance to respond. He 
again asked to have this item placed on the April agenda for 
further discussion and possible re-consideration.

Chairman Babin thanked everyone for attending the meeting and 
stated participation is the key to the Commissioner's decision 
making and their understanding of what is occurring in the State.

There being no further business, Commissioner McCall made a 
motion to Adjourn the meeting and it was seconded by Commissioner 
Hanchey.

JHJ:sch

James W, Jenkins, Jr. 
Secretary
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COMMISSION MEETING 
ROLL CALL

Thursday, February 6, 1997 
Baton Rouge, LA 

Wildlife & Fisheries Building

Attended Absent

Danny Babin (Chairman) ✓

Perry Gisclair - Z

Tom Cattle

Glynn Carver —

Joseph Cormier

Jerald Hanchey

Norman McCall

Mr. Chairman:

There are fT Commissioners in attendance and we have a quorum.

Secretary Jenkins is also present.



AGENDA
LOUISIANA WILDLIFE AND FISHERIES COMMISSION 

BATON ROUGE, LA 
February 6, 1997 

1:00 PM

1. Roll Call
2. Approval of Minutes of January 9, 1997

3. Resolution Authorizing Chairman to Act on Real Estate 
Matters - Bob Love

4. Notice of Intent - Spanish Lake Game & Fishing Preserve 
Commission Regulations - Bennie Fontenot

5. Declaration of Emergency - Adjust Daily Sack Limit for 
Oysters in Calcasieu Lake and West Cove - Ron Dugas

6. 1997 Profiles & Stock Assessments for Sheepshead, 
Southern Flounder, Striped Mullet & Black Drum - Harry 
Blanchet

7. Report of Effects of Strike Net Fishing - Harry Blanchet

8. Enforcement & Aviation Reports/January - Winton Vidrine

9. Division Reports
a. Waterfowl Hunting Season Report
b. North American Symposium & Workshop
c. Booker Fowler Fish Hatchery
d. Triploid Grass Carp Removal, Caney Lake

10. Set June 1997 Meeting Date

11. Public Comments

12. Adjourn
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Matters - Bob Love

Notice of Intent - Spanish Lake Game & Fishing Preserve 
Commission Regulations - Bennie Fontenot

Declaration of Emergency - Adjust Daily Sack Limit for 
Oysters in Calcasieu Lake and West Cove - Ron Dugas

1997 Profiles & Stock Assessments for Sheepshead, 
Southern Flounder, Striped Mullet & Black Drum - Harry 
Blanchet

xJjZ Report of Effects of Strike Net Fishing - Harry Blanchet

Enforcement & Aviation Reports/January - Winton Vidrine

9. Division Reports
Waterfowl Hunting Season Report 

ubfr North American Symposium & Workshop 
Booker Fowler Fish Hatchery 

ifkZ Triploid Grass Carp Removal, Caney Lake

titfT Set June 1997 Meeting Date

Public Comments

12. Adjourn



A RESOLUTION
Adopted by the Louisiana Wildlife and Fisheries Commission at its regular monthly 

meeting on February 6, 1997,

To authorize the Chairman of the Louisiana Wildlife and Fisheries Commission or 
in the Chairman's absence the Vice-Chairman to sign as necessary and otherwise do all acts 
required to consummate any and all documents relating to the acquisition, alienation, 
exchange, encumbrance or acceptance of donations of immovable property in the name of 
the Louisiana Wildlife and Fisheries Commission along with the Secretary of the Louisiana 
Department of Wildlife and Fisheries.

WHEREAS, the Commission is authorized by law to acquire by purchase, gift, 
eminent domain, or otherwise, all property necessary, useful or convenient for the use of the 
Commission; and

WHEREAS, the Commission may accept from any person, from the state, or from 
the federal government any lands or waters suitable for wildlife refuges, wildlife 
management areas, and public hunting grounds; and

WHEREAS, the Commission is authorized on behalf of the Department and the 
State of Louisiana, to acquire land in any wilderness area in the State of Louisiana from a 
willing seller at a price agreed upon by the Secretary and the landowner; and

WHEREAS, the Commission and the Department, being the chief and principal 
stewards of wildlife and fisheries resources in the state, have since 1911 implemented one 
of the most successful land acquisition programs in America as a means of conserving 
wildlife and fisheries habitat and providing outdoor recreational opportunities for public 
users and are from time to time involved in the acquisition, alienation, exchange, 
encumbrance or acceptance of donations of immovable property.

THEREFORE, BE IT RESOLVED that the Louisiana Wildlife and Fisheries 
Commission hereby authorizes the Chairman or in the Chairman's absence the Vice- 
Chairman to sign as necessary and otherwise do all acts required to consummate any and 
all documents relating to the acquisition, alienation, encumbrance or acceptance of 
donations of immovable property in the name of the Louisiana Wildlife and Fisheries 
Commission along with the Secretaiy of the Louisiana Department of Wildlife and Fisheries.

D nan
L Fisheries

Commission and Fisheries



A RESOLUTION

To authorize the Chairman of the Louisiana Wildlife and Fisheries Commission or in the Chairman’s 
absence the Vice-Chairman to sign as necessary and otherwise do all acts required to consummate any and all 
documents relating to the acquisition, alienation, exchange, encumbrance or acceptance of donations of 
immovable property in the name of the Louisiana Wildlife and Fisheries Commission along with the Secretary 
of the Louisiana Department of Wildlife and Fisheries.

WHEREAS, the Commission is authorized by law to acquire by purchase, gift, eminent domain, or 
otherwise, all property necessary, useful or convenient for the use of the Commission; and

WHEREAS, the Commission may accept from any person, from the state, or from the federal 
government any lands or waters suitable for wildlife refuges, wildlife management areas, and public hunting 
grounds; and

WHEREAS, the Commission is authorized on behalf of the Department and the State of Louisiana, to 
acquire land in any wilderness area in the State of Louisiana from a willing seller at a price agreed upon by the 
Secretary and the landowner; and

WHEREAS, the Commission and the Department, being the chief and principal stewards of wildlife and 
fisheries resources in the state, have since 1911 implemented one of the most successful land acquisition 
programs in America as a means of conserving wildlife and fisheries habitat and providing outdoor recreational 
opportunities for public users and are from time to time involved in the acquisition, alienation, exchange, 
encumbrance or acceptance of donations of immovable property.

THEREFORE, BE IT RESOLVED that the Louisiana Wildlife and Fisheries Commission hereby 
authorizes the Chairman or in the Chairman’s absence the Vice-Chairman to sign as necessary and otherwise 
do all acts required to consummate any and all documents relating to the acquisition, alienation, encumbrance 
or acceptance of donations of immovable property in the name of the Louisiana Wildlife and Fisheries 
Commission along with the Secretary of the Louisiana Department of Wildlife and Fisheries.

Daniel J. Babin Perry Gisclair
Chairman Vice-Chairman

THUS DONE AND PASSED this_____ day o f__________________, 1997, before the undersigned
authority by the Louisiana Wildlife and Fisheries Commission at its regularly scheduled meeting.

NOTARY PUBLIC



NOTICE OF INTENT

. SM1- ,
Department of Wildlife and Fisheries 
Wildlife and Fisheries Commission

The Wildlife and Fisheries Commission hereby advertises its 

intent to adopt a rule establishing visitor regulations for Spanish 

Lake State Game and Fishing Preserve.

Title 76
WILDLIFE AND FISHERIES

Part III. State Game and Fish Preserves and Sanctuaries 
Chapter 3. Particular Game and Fish Preserves and Commissions 
§329. Spanish Lake State Game and Fishing Preserve

General

1. The preserve will open one-half hour before official 

sunrise and close one-half hour after official sunset. It will be 

closed to all nighttime activities.

2. Existing gates will remain in place. Parking is 

restricted to designated parking areas.

3. The levee road will have one-way traffic with the 

entrance at the boat ramp and the exit on Bernard Drive.

4. ATV's (three wheelers and four wheelers) and 

motorbikes are prohibited on the levee.

5. Discharge of any firearms on the levees is 

prohibited.

6. Overnight camping is prohibited, except by special 

permit issued by Spanish Lake Game and Fishing Preserve Commission 

for supervised groups only.

7. The possession or use of commercial nets, including



hoop nets, trammel nets, gill nets and fish seines, is prohibited, 

except by special permit issued by the Louisiana Department of 

Wildlife and Fisheries.

8. No trapping of furbearing animals, except by special 

permit issued by the Louisiana Department of Wildlife and 

Fisheries.

AUTHORITY NOTE: Promulgated in accordance with R.S. 56:6, 

721, et seq. and 801 and R.S. 36:610.

HISTORICAL NOTE: Promulgated by Department of Wildlife and 

Fisheries, Wildlife and Fisheries Commission, LR 23 .

The Secretary of the Department of Wildlife and Fisheries is 

authorized to take any and all necessary steps on behalf of the 

Commission to promulgate and effectuate this notice of intent and 

the final rule, including but not limited to, the filing of the 

fiscal and economic impact statement, the filing of the notice of 

intent and final rule and the preparation of reports and 

correspondence to other agencies of government.

Interested persons may comment on the proposed rule. in writing 

to Mr. Bennie Fontenot, Administrator, Inland Fisheries Division, 

Department of Wildlife and Fisheries, Box 98000, Baton Rouge, LA 

70898-9000 until 4:30 p.m., Thursday, May 1, 1997.

Daniel J. Babin

Chairman



The Spanish Lake Game and Fishing Preserve Commission 
Iberia Parish
New Iberia, Louisiana 70560

January 24, 1997

Greta Green, Chairman 
Thomas Nelson, Co-Chairman 
Jolyn Fleming, Secretary

Members
Eugene Labiche 
Mike M usemeche 
Joe  Delahoussaye 
Larry Duplantis 
Andy Reaux Mr. Donald E. Puckett 

General Counsel
''Department of Wildlife and Fisheries 
P.0.\ Box 98000 
Baton Rouge, La. 70898-9000

Dear Mr. Puckett;

This serves as our notice of intent to appear before your 
Commission which meets on Thursday, February 6, 1997.

At that time we will present, for your approval, the rules 
and regulations governing Spanish Lake which our Commission 
has approved.

Respectfully submitted,

C/dreta Green, Chairman

G I B S ’ P

M i 8 17
LEGAL DIVISION



SPANISH LAKE GAME AND FISHING PRESERVE COMMISSION
MINUTES

DATE:
TIME:
PLACE:

ATTENDANCE

ABSENT;

JANUARY 23, 1997 
SIX O'CLOCK P.M.
IBERIA PARISH COURTHOUSE
MULTI-PURPOSE ROOM 2ND FLOOR
GRETA GREEN, CHAIRMAN
ANDY REAUX
DANIEL BULLIARD
RONALD PELTIER
JOE DELAHOUSSAYE
THOMAS NELSON
EUGENE LABICHE

OTHERS: WILL LANGLINAIS, PARISH PRESIDENT
ROY PONTIFF, ADMINISTRATIVE ASSISTANT 
SIMON FR.EYOU, PROJECT ENGINEER 
BRUCE DAVIDSON, WILDLIFE & FISHERIES

The meeting was call to order by Ms. Greta Green. Everyone stood 
for a silent prayer. Roll call was taken. Ms. Green announced the 
resignation of Mr. Mike Musemeche. She then introduced and 
welcomed Mr. Ronald Peltier who was appointed by Parish President 
Will Langlinais.



Spanish Lake Minutes 
01/23/97
pg 2

Simon Freyou informed the commission that he got approval to 
proceed with the next project which includes the mobile home site, 
the caretaker's site and lighting and proceed with the parking lot. 
He stated that the Parish will provide the material and Vo-Tech 
School will build the building for the caretaker to sell various 
fishing supplies, etc. Andy Reaux made a motion to accept the 
preliminary plans as presented by Simon Freyou, it was seconded by 
Joe Delahoussaye. Motion carried unanimously.
Ms. Green read a letter from Mr. Ronnie Emmonet responding to the 
question as to who authorized the purchase and installation of the 
new pump.
Ms. Green stated that she was contacted by Bob Curtis who is 
interested in the caretaker position. She also stated that Jimmy 
Phillips is no longer interested in the position.
Bruce Davidson informed the commission that the lake should be 
stocked by April or May. He also suggested letting commercial 
fisherman in to reduce the trash fish. A motion was made by Joe 
Delahoussaye and seconded by Daniel Bulliard to let commercial 
fisherman in to reduce the trash fish. Motion carried unanimously. 
Larry Dugas addressed the commission concerning his interest in 
scouting projects at the lake. He would like to have access to 
public land for camping sites and nature trails.
Ms. Green informed the commission that there needs to be a 
replacement of Treasurer due to Mike Musemeche's resignation. A 
motion made by Daniel Bulliard to nominate Andy Reaux as Treasurer,



Spanish Lake Minutes 
01/23/97
pg 3

was seconded by Joe Delahoussaye and passed unanimously.
Ms. Green asked that the commission review and approve the proposed 
rules and regulations. After much discussion minor changes were 
made to the rules and regulations. See Attached. A motion was 
made by Joe Delahoussaye to approve the revised rules and 
regulations, it was seconded by Daniel Bulliard and passed 
unanimously.
Simon Freyou informed the commission that limestone will be added 
to the levee road the gates will be opened shortly.
There being no further business a motion was made by Joe 
Delahoussaye and seconded by Andy Reaux to adjourn.



Title 76
Wildlife and Fisheries 

Part III State Game and Fish Preserves and
Sanctuaries

Chapter 3. Particular Game and Fish Preserves and Commissions 
#329. Spanish Lake State Game and Fishing Preserve

A. General
1. The preserve will open one-half hour before official 

sunrise and close one-half hour after official sunset. It will be 
closed to all nighttime activities.

2. Existing gates will remain in place. Parking is 
restricted to designated parking areas.

3. The levee road will have one-way traffic with the 
entrance at the boat ramp and the exit on Bernard Drive.

4. ATV's (three wheelers and four wheelers) and 
motorbikes are prohibited on the levee.

5. Discharge of any firearms on the levees is 
prohibited.

6. Overnight camping is prohibited, except by special 
permit issued by Spanish Lake Game and Fishing Preserve Commission 
for supervised groups only.

7. Jet skis and air boats are prohibited.

8. Water skiing is prohibited.

9. The possession or use of nets, including hoop nets, 
trammel nets, gill nets and fish seines, slat traps and trot lines 
is prohibited, except by special permit issued by Spanish Lake Game 
and Fishing Preserve Commission.

10. No trapping of fur bearing animals, except by special 
permit issued by Spanish Lake Game and Fishing Preserve Commission.

AUTHORITY NOTE: Promulgated in accordance with R.S. 56:6,
721, et seq. and 801 and R.S. 36:610.

HISTORICAL NOTE: Promulgated by Department of Wildlife and
Fisheries, Wildlife and Fisheries Commission, LR



s H . J e n k in s , Jr. 
S ecretary

Department of Wildlife and Fisheries 
Post Office Box 98000 

Baton Rouge, LA 70898-9000 
(504)765-2800

January 27,1997

M .J . "M ike" F o s te r  
G overnor

TO: Johnnie Tarver, Assistant Secretary, Office of Wildlife
Winton Vidrine, Colonel, Enforcement 
Bennie Fontenot, Administrator, Inland E isherje^?

FROM: Donald E. Puckett, General Counsel

SUBJ: Spanish Lake Game and Fishing Preserve Commission Regulations

Attached, please find correspondence and Commission minutes relating to the 
Spanish Lake Game and Fishing Preserve Commission" regulations, along with a 
copy of the regulations as approved by the Spanish Lake Commission.

These regulations are identical to the ones you have previously approved with the 
exception that items 6, 9 and 10 relating to overnight camping, nets and trapping, 
respectively, now all contain a special permit proviso.

For your information, the Spanish Lake Commission has requested that these 
regulations be placed on our Commission’s February agenda for approval of Notice 
of Intent.

c: James H. Jenkins, Jr. 
uStisan Hawkins w/att.

An l;i|ii.il Opportunity  kmployvr
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The Spanish Lake Game and Fishing Preserve Commission 
Iberia Parish
New Iberia, Louisiana 70560

January 24, 1997

Orate Green, CWrmen 
Thornes Nelson, Co-Chtbrntn 
Jotyn Fleming, Secretory

Members 
Eugene Labiehe 
Mike Mosemeche 
Joe Delahousssye 
Larry Oupisntia
Andy Reaux Mr. Donald E. Puckett

General Counsel
Department of Wildlife and Fisheries
P.0.. Box 98000
Baton Rouge, La. 70898-9000
Dear Mr. Puckett;
This serves as our notice of intent to appear before your 
Commission -which meets on Thursday, February 6, 1997.
At that time we will present, for your approval, the rules 
and regulations governing Spanish Lake which our Commission 
has approved.

Respectfully submitted.

Chairman
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SPANISH LAKE GAME AND PISHING PRESERVE COMMISSION
MINUTES

DATE: JANUARY 23, 1997
TIME; SIX O'CLOCK P.M.
PLACE: IBERIA PARISH COURTHOUSE 

MULTI-PURPOSE ROOM 2ND FLOOR
ATTENDANCE; GRETA GREEN, CHAIRMAN 

ANDY RBAUX 
DANIEL BULLZARD 
RONALD PELTIER 
JOE DELAHOUSSAYB

ABSENT: THOMAS NELSON 
EUGENE LABICHE

*\

OTHERS: WILL LANGLINAIS, PARISH PRESIDENT 
ROY PONTIFF, ADMINISTRATIVE ASSISTANT 
SIMON FREYOU, PROJECT ENGINEER 
BRUCE DAVIDSON, WILDLIFE & FISHERIES

The meeting was call to order by m s . Greta Green. Everyone stood 
for a silent prayer. Roll call was taken. Ms. Green announced the 
resignation of Mr. Mike Musemeche. she then introduced and 
welcomed Mr. Ronald Peltier who was appointed by Parish President 
will Langlinais.
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Simon Freyou informed the commission that he got approval to 
proceed with the next project which includes the mobile home site, 
the caretaker's site and lighting and proceed with the parking lot. 
He stated that the Parish will provide the material and Vo-Tech 
School will build the building for the caretaker to sell various 
fishing supplies, etc. Andy Reaux made a motion to accept the 
preliminary plans as presented by Simon Freyou, it was seconded by 
Joe Delahouasaye. Motion carried unanimously.
Ms. Green read a letter from Mr. Ronnie Emmonet responding to the 
question as to who authorized the purchase and installation of the 
new pump.
ms. Green stated that she was contacted by Bob Curtis who is 
interested in the caretaker position, she also stated that Jimmy 
Phillips is no longer interested in the position.
Bruce Davidson informed the commission that the lake should be 
stocked by April or May. He also suggested letting commercial 
fisherman in to reduce the trash fish, a  motion was made by Joe 
Delahouasaye and seconded by Daniel Bulliard to let commercial 
fisherman in to reduce the trash fish. Motion carried unanimously. 
Larry Dugas addressed the commission concerning his interest in 
scouting projects at the lake. He would like to have access to 
public land for camping sites and nature trails.
Ms. Green informed the commission that there needs to be a 
replacement of Treasurer due to Mike Musemeche's resignation, A 
motion made by Daniel Bulliard to nominate Andy Reaux as Treasurer,

Spanish Lake Minutes
01/23/97
pg 2
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was seconded by Joe Delahouasaye and passed unanimously.
Ms. Green asked that the commission review and approve the proposed 
rules and regulations. After much discussion.minor changes were 
made to the rules and regulations. See Attached. A motion was 
made by Joe Delahouasaye to approve the revised rules and 
regulations, it was seconded by Daniel Bulliard and passed 
unanimously.
Simon Freyou informed the commission that limestone will be added 
to the levee road the gates will be opened shortly.
There being no further business a motion was made by Joe 
Delahouasaye and seconded by Andy Reaux to adjourn.

Spanish Lake Minutes
01/23/97
pg 3
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. Title 76
Wildlife and Fisheries 

Part III State Game and Fish Preserves and
Sanctuaries

Chapter 3. Particular Game and Fish Preserves and commissions 
#329. Spanish Lake State Game and Fishing Preserve

A. General
1. The preserve will open one-half hour before official 

sunrise and close one-half hour after official sunset, it will be 
closed to all nighttime activities.

2. Existing gates will remain in place. Parking is 
restricted to designated parking areas.

3. The levee road will have one-way traffic with the 
entrance at the boat ramp and the exit on Bernard Drive.

4. ATV's (three wheelers and four wheelers) and 
motorbikes are prohibited on the levee.

5. Discharge of any firearms on the levees is 
prohibited,

6. Overnight camping is prohibited, except by special 
permit issued by Spanish Lake Game and Fishirtg Preserve Commission 
for supervised groups only.

7. Jet skis and air boats are prohibited.
8. Water skiing is prohibited,
9. The possession or use of nets, including hoop nets, 

trammel nets, gill nets and fish seines, slat traps and trot lines 
is prohibited, except by special permit issued by Spanish Lake Game 
and Fishing Preserve Commission,

10. No trapping of fur bearing animals, except by special 
permit issued by Spanish Lake Game and Fishing Preserve Commission.

AUTHORITY NOTE: Promulgated in accordance with R.s. 56:6,
721, et seq. and 801 and R.S. 36:610.

HISTORICAL NOTE: Promulgated by Department of Wildlife and
Fisheries, Wildlife and Fisheries Commission, LR



RESOLUTION
CALCASIEU LAKE OYSTER SEASON INCREASE IN DAILY TAKE LIMIT

WHEREAS, the 1996/97 oyster season in Calcasieu Lake has been 
closed several times due to precautionary health 
closures, and

WHEREAS, the oyster resources on the Calcasieu Lake Public Oyster 
Tonging Area have been surveyed and samples indicate that 
there is a significant oyster resource in the public 
grounds, and

WHEREAS, R.S. 56:435.1.0 and H allow for compensation for health 
closures, and

WHEREAS, R.S. 56:6(25)(a) allows the Commission to set daily take 
limits, now

THEREFORE BE IT RESOLVED, that effective February 6, 1997 and for 
the remainder of the oyster season in Calcasieu Lake, the 
daily take limit shall be 15 one and one-half bushel 

s\ sacks per boat per day.

o' // # 7
Daniel J. Babin,Chairman 
La. Wildlife & Fisheries 
Commission

Jantes HyUenk^ns, Jr., Secretary 
La. De^artm^nt of Wildlife & 
Fisheries



DECLARATION OF EMERGENCY
Department of Wildlife and Fisheries 
Wildlife and Fisheries Commission

In accordance with the emergency provisions of the 

Administrative Procedure Act, R.S. 49:953(8) and 967 and under the 

authority of R.S. 56:6(25) (a) and R.S. 56:435.1, notice is hereby 

given that the Wildlife and Fisheries Commission finds that 

imminent peril to the public welfare exists and hereby adopts the 

following emergency rule:

For the remainder of the 1996/97 season in Calcasieu Lake, the 

daily take limit shall be 15 one and one-half bushel sacks per boat 

per day.

Daniel J. Babin

Chairman
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STATE OF LOUISIANA
H O U S E  OF R E P R E S E N T A T I V E S

4320 Lake Srreei 
P.0. Box 6027

Lake Charles. Louisiana 70606 
Telephone: (316) 477-1334 

Fax: (318) 477-1336

DANIEL T. “ DAN” FLAVIN 
D islricl 36 January 23,1997 437 Marshall s treet 

Cameron, Louisiana 70631

Commerce Natural Resources 
Aciiremenr

Mr. James H. Jenkins, Secretary 
Department of Wildlife & Fisheries 
P. O. Box 98000 
Baton Rouge, La. 70898-9000

VIA FAX (504) 765-0949

Re: Item For Consideration Al Wildlife & Fisheries Commission Meeting
Increase In Sack Limit Of Oysters From 10 to 15 Sacks in Calcasieu Lake and 
West Cove

Dear Secretary Jenkins:

Please accept this letter as my request for the above mentioned item to be added to the agenda 
for the Wildlife & Fisheries Commission meeting on February 6,1997. As you and 1 previously 
discussed, this request is being made due to the extremely bad weather we have had in the recent 
past. It is my understanding that the oysters are plentiful and there would not be a problem with the 
15 sack limit.

Any consideration you give to this matter will be greatly appreciated.

With best personal regards,

Sincerely yours,

Dan Flavin

DF/gg

cc: Mr. Glynn Carver, Chairman
Wildlife and Fisheries Commission

Representative Ken Odinct, District 103



RESOLUTION
CALCASIEU LAKE OYSTER SEASON INCREASE IN DAILY TAKE LIMIT

WHEREAS, the 1996/97 oyster season in Calcasieu Lake has been 
closed several times due to precautionary health 
closures, and

WHEREAS, the oyster resources on the Calcasieu Lake Public Oyster 
Tonging Area have been surveyed and samples indicate that 
there is a significant oyster resource in the public 
grounds, and

WHEREAS, R.S. 56:435.l.G and H allow for compensation for health 
closures, and

WHEREAS, R.S. 56:6(25) (a) allows the Commission to set daily take 
limits, now

THEREFORE BE IT RESOLVED, that effective February 6, 1997 and for 
the remainder of the oyster season in Calcasieu Lake, the 
daily take limit shall be 15 one and one-half bushel 
sacks per boat per day.

Daniel J. Babin, Chairman 
La. Wildlife & Fisheries 
Commission

James H. Jenkins, Jr., Secretary 
La. Department of Wildlife & 
Fisheries



DECLARATION OF EMERGENCY
Department of Wildlife and Fisheries 
Wildlife and Fisheries Commission

In accordance with the emergency provisions of the

Administrative Procedure Act, R.S. 49:953(B) and 967 and under the

authority of R.S. 56:6(25) (a) and R.S. 56:435.1, notice is hereby

given that the Wildlife and Fisheries Commission finds that

imminent peril to the public welfare exists and hereby adopts the

following emergency rule:

For the remainder of the 1996/97 season in Calcasieu Lake, the

daily take limit shall be 15 one and one-half bushel sacks per boat

per day.

Daniel J. Babin

Chairman



DECLARATION OF EMERGENCY
Department of Wildlife and Fisheries 
Wildlife and Fisheries Commission

In accordance with the emergency provisions of the 
Administrative Procedure Act, R.S. 49:9|53(B) and 967 and under the 
authority of R.S. 56:6(25)(a) and R.S. 56:435.1, notice is hereby 
given that the Wildlife and Fisheries Commission finds that 
imminent peril to the public welfare exists and hereby adopts the 
following emergency rule.

For the remainder of the 96/97 season in Calcasieu Lake the 
daily take limit shall be fifteen one and one-half bushel sacks per 
boat per day.

Danny Babin 
Chairman



RESOLUTION
CALCASIEU LAKE OYSTER SEASON INCREASE IN DAILY TAKE LIMIT

WHEREAS, the 1996/97 oyster season in Calcasieu Lake has been 
closed several times due to precautionary health 
closures, and

WHEREAS, the oyster resources on the Calcasieu Lake Public Oyster 
Tonging Area have been surveyed and samples indicate that 
there is a significant oyster resource in the public 
grounds, and

WHEREAS, R.S. 56:435.1 G. and H. allow for compensation for health 
closures, and

WHEREAS, R.S. 56:6(25) (a) allows the Commission to set daily take 
limits, now

BE IT RESOLVED, that effective February 6, 1997 and for the
remainder of the oyster season in Calcasieu Lake, the 
daily take limit shall be fifteen one and one-half bushel 
sacks per boat per day.

Danny Babin
Chairman, LA Wildlife and 
Fisheries Commission

fns, Jr. 
Department of 

and Fisheries

CONCim
/<£■■__

fflCE'VED
jMi 2 8 #9? 

omCEO^SECREW



S T A T E  O F  L O U I S I A N A

H O U S E  O F  R E P R E S E N T A T I V E S
4320  Lake Street 

P.O. Box 6027
Lake C harles. Louisiana 70606 

Telephone: (318) 477-1334 
Fax: (318) 477-1336

DANIEL T. "DAN" FLAVIN 
D is tr ic t  3 6 January 23, 1997 437 M arshall Street 

Cam eron. Louisiana 70631

Com m erce 
Natural R esources 

Retirem ent

Mr. James H. Jenkins, Secretary 
Department o f Wildlife & Fisheries 
P. O. Box 98000 
Baton Rouge, La. 70898-9000

VIA FAX (504) 765-0949

Re: Item For Consideration At Wildlife & Fisheries Commission Meeting
Increase In Sack Limit O f Oysters From 10 to 15 Sacks in Calcasieu Lake and 
West Cove

Dear Secretary Jenkins:

Please accept this letter as my request for the above mentioned item to be added to the agenda 
for the Wildlife & Fisheries Commission meeting on February 6, 1997. As you and I previously 
discussed, this request is being made due to the extremely bad weather we have had in the recent 
past. It is my understanding that the oysters are plentiful and there would not be a problem with the 
15 sack limit.

Any consideration you give to this matter will be greatly appreciated.

With best personal regards,

Sincerely yours,

Dan Flavin

Wildlife and Fisheries Commission

Representative Ken Odinet, District 103
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S T AT E O F  L O U I S I A N A

HOUSE OF REPRESENTATIVES
4320 Lake Street 

P.O. Bo* 6027
Lake Charles. Louisiana 70606 

Telephone: (318) 477-1334 
Fax: (318) 477-1336

DANIEL T. “DAN" FLAVIN 
D istrict 36 January 23, 1997 437 Marshall Street 

Cameron. Louisiana 70631

Commerce 
Natural Resources 

Retiremeni

Mr. James H. Jenkins, Secretary 
Department of Wildlife & Fisheries 
P. O. Box 98000 
Baton Rouge, La. 70898-9000

VIA FAX (504)765-0949

Re: Item For Consideration At Wildlife & Fisheries Commission Meeting
Increase In Sack Limit Of Oysters From 10 to 15 Sacks in Calcasieu Lake and 
West Cove

Dear Secretary Jenkins:

Please accept this letter as my request for the above mentioned item to be added to the agenda 
for the Wildlife & Fisheries Commission meeting on February 6, 1997. As you and I previously 
discussed, this request is being made due to the extremely bad weather we have had in the recent 
past. It is my understanding that the oysters are plentiful and there would not be a problem with the 
15 sack limit.

Any consideration you give to this matter will be greatly appreciated.

With best personal regards,

Sincerely yours.

Dan Flavin

DF/gg

cc: Mr. Glynn Carver, Chairman
Wildlife and Fisheries Commission

Representative Ken Odinet, District 103
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Any consideration you give to this matter will be greatly appreciated.

With best personal regards.
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LOUISIANA DEPARTMENT OF WILDLIFE AND FISHERIES 

BATON ROUGE, LOUISIANA

A BIOLOGICAL AND FISHERIES PROFILE FOR SOUTHERN FLOUNDER, 
Paralichthvs lethosticrma IN LOUISIANA

by
Gerald Adkins1 
Steve Hein1 
Paul Meier1 

Brian McManus2

La. Dept. of Wildlife and Fisheries

1Marine Fisheries Division 
P. O. Box 189 

Bourg, La. 70343

2Socio-Economic Research and Development Section
P. O. Box 98000 

Baton Rouge, La. 70898-9000

Fishery Management Plan Series 
Number 6, Part 1

1 9 9 7



SOUTHERN FLOUNDER January 30, 1997

PAGE
1.0 Introduction............................................

1.1 Overview of Fishery..............................
2.0 Southern flounder Biology..............................

2.1 Taxonomy and Nomenclature........................
2.2 Distribution and Abundance..... .................

2.2.1 Distribution and Abundance, Louisiana....
2.2.2 Distribution and Abundance, Gulf of Mexico

2.3 Morphology.........................................
2.3.1 Eggs.........................................
2.3.2 Larvae..................'....................
2.3.3 Juvenile..............................  11
2.3.4 Adult Morphology................................. 12

2.3.4.1 Coloration................................ 15
2.3.4.2 Anomalies................................. 15

2.4 Reproduction............................................ 16
2.4.1 Age, Length and Weight at First Spawn............16
2.4.2 Time and Duration of Spawn...................... 17
2.4.3 Fecundity......................................... 19
2.4.4 Temperature, Salinity, Photoperiod, and

Spawning Habitat............................. 20
2.4.5 Courtship and Spawning Behavior................. 21

2.5 Recruitment and Recruitment Mechanisms................. 21
2.6 Migration /Movement..................................... 25
2.7 Age/Growth...............................................27
2.8 Food Habits /Predator-Prey Relationships...............30
2.9 Environmental Tolerance and Habitat Requirements..... 32
2.10 Parasitology and Pathology..............................35

2.10.1 Ectoparasites....................................35
2.10.2 Endoparasites/Disease...........................36
2.10.3 Pollution/Stress and Related Syndromes.......... 36

3.0 Description of the Fishery.................................. 38
3.1 History of Exploitation................................ 38
3.2 Commercial Fishery...................................... 39

3.2.1 Description of Fishing Activities................40
3.2.2 Effort and Harvest............................... 42

3.3 Recreational Fishery....................................44
3.3.1 Description of Fishing Activities................45
3.3.2 Effort and Harvest............................... 47

3.4 Mariculture..............................................48
4.0 Economics..................................................... 50

4.1 Economics of the Commercial Fishery................... 50
4.2 Economics of the Recreational Fishery................. 51

5.0 Research Needs................................................ 54
6.0 Literature Cited..............................................55

TABLE OF CONTENTS

0
3

0
0

0
0

'-
JC

T
\a

^
U

>
U

>
tN

JH



SOUTHERN FLOUNDER January 30, 1997

1.0 INTRODUCTION

The southern flounder, Paralichthvs 1ethostioma. has been 
utilized as a food fish for ages. Since at least the Greek-Roman 
era about 2,000 years ago, it has been known that fish could be 
detected at night by employing an artificial light, allowing 
spearing of the fish (Warlen 1975). Southern flounder, because of 
body shape, habitat, and predatory characteristics, are ideally 
suited for harvest in this fashion. Mcllwain (1978) described this 
fish as a highly prized food fish sought by both recreational and 
commercial fishermen with catches generally increasing from spring 
to winter each year.

Southern flounder appear well adapted for feeding on quick 
moving prey such as fish and shrimp which occur throughout the 
water column. Development of large optic lobes, large mouths with 
strong teeth, and stomachs with large storage capacities enhance 
their predatory feeding abilities (DeGroot 1971) . They are more 
active at night, and are the dominant fish predator of brown shrimp 
(Penaeus aztecus) during spring in Galveston Bay (Minello et al. 
1989).

The species is euryhaline (Deubler 1960), with young being 
more tolerant of fresh water and adults more frequently found in 
saline waters. Simmons (1957) found £. lethostioma and Paralichthvs 
albiautta (gulf flounder) at salinities of 60 ppt, although they 
were sharply limited by salinities above 45 ppt except in a 
landcut. Southern flounder have been recorded in Louisiana waters 
at salinities ranging from 0.0 - 30.0 ppt (unpublished data, and 
Ferret, et al. 1971)

Jordan and Gilbert (1883) and Ginsburg (1952) reported 
flounders approximately 30 inches (") in total length from 
Charleston, South Carolina. Hoese and Moore (1977) reported this 
species reached a length of three feet ('), while Pew (1966) found 
them to reach a weight of 26 pounds. P a r a l i c h t h v s  l e t h o s t i o m a  
reaches a maximum length between 305 to 508 millimeters (mm) (Nall 
1979). White and Stickney (1973) and Ginsburg (1952) referred to 
southern flounder as the largest bothid flounder of the Gulf coast 
or southern U.S.

The top ten large specimens recorded in Louisiana by 
recreational anglers ranged from 10 pounds, to 12 pounds 2 ounces, 
taken in 1969 (Louisiana Outdoor Writers Association 1991) . 
Although larger fish are not common, some areas yield larger 
average size individuals, as evidenced by several fish exceeding 
five pounds taken from a landlocked canal in Terrebonne Parish, 
Louisiana (Adkins and Bowman 1976). These fish, however, were 
denied access to other areas and may have been much older than the 
norm.
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1.1 Overview of Fishery
The commercial fishery for southern flounder in Louisiana has 

historically been a supplemental or bycatch type fishery. Although 
some directed effort by fishermen using gigs is common in coastal 
Louisiana, the majority of southern flounder are harvested from 
shrimp trawls in state waters. Other gear types such as butterfly 
nets, gill nets, skimmer nets, and seines also take a significant 
number of fish, especially during the "fall run", when this species 
moves gulfward en masse in response to decreasing temperatures and 
spawning cues.

Reported southern flounder landings have fluctuated from 
approximately 261,700 pounds in 1965 to approximately 974,700 
pounds in 1994, averaging nearly 436,000 pounds for the past 30 
years. Dockside prices have gradually increased from approximately 
404 to over $1.00 per pound in recent years.

Annual landings associated with this fishery were increasing 
slightly until 1994. Development of different gear types, a more 
directed fishery, or an increase in dockside value may have lead to 
increased harvest levels.

2
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2.0 SOUTHERN FLOUNDER BIOLOGY
Rogers et al. (1984) found that recruited southern flounder 

occurred in greatest numbers in northern Georgia estuaries, where 
river discharges were also highest. These recruits tended to move 
toward higher salinity waters as size increased. Herke (1971) also 
reported similar findings in Louisiana, and related gulfward 
movement to the onset of cooler weather, in addition to growth. 
Rogers et al. (1984) summarized findings that younger southern 
flounder were more numerous in lower salinity waters during spring- 
early summer (recruitment) while mid-salinity waters yielded larger 
fish later in the year. The species was described by Dahlberg 
(1972) as being more prevalent in low to mid salinities and 
oligohaline creeks, with the young being eurythermal in those 
areas. Prentice (1989) also found this species to occur in a 
variety of habitats along the Texas coast, as able to acclimate to 
either fresh or salt water.

Powell and Schwartz (1977) found individuals of a given year 
class abundant for about 18 to 20 months in North Carolina waters, 
following their mid-winter recruitment. They also reported 
southern flounder dominant at lower salinities and to exhibit more 
rapid growth in those areas, occurring in higher salinities only 
during colder months (December-February).

2 • 1 Taxonomy and Nomenclature
Ahlstrom et al. (1984) reviewed classification of this species 

by various authors, and Hensley and Ahlstrom (1984) have updated 
its classification. The consensus generally was that flatfishes 
could most easily be distinguished by the high degree of ventral 
fin asymmetry, absence of the preorbital on the blind side, and 
absence of the first neural spine.

The valid name for southern flounder is Paralichthvs 
lethostioma (Jordan and Gilbert 1883). The following synonymy is 
abbreviated from Jordan and Evermann (1898) :

Platessa obloncra. DeKay, 1842 
Pseudorhombus oblonaus. Gunther, 1862 
Chaenopsetta dentata. Gill, 1864 
Pseudorhombus dentatus. Goode, 1879 
Paralichthvs dentatus. Jordan and Gilbert, 1882 
Paralichthvs lethostigma. Jordan and Gilbert, 1884
Higher classification within this document follows that of 

Greenwood, et al. (1966) . Taxa above superorder are not 
considered.

3
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Order: Pleuronectiformes 
Family: Bothidae

Genus: Paralichthys
Species: Paralichthvs lethostiama

The scientific name is derived from the Greek words 
Paralichthys meaning "parallel fish"; lethostiama means 
11 forgetting” and "spot" . The name assigned to this fish literally 
means a "parallel fish that forgot its spots" (Gowanloch 1933) . 
This refers to the species habit of lying close to the bottom and 
its being uniformly colored, as opposed to other related flatfishes 
that generally possess spots.

Southern flounder is the name commonly accepted by the 
American Fisheries Society for £. lethostiama (Robins et al. 1991) . 
Other common names include southern large flounder , mud flounder, 
halibut, plie (Louisiana French), southern fluke, lenguado 
(Spanish), and doormat (Gowanloch 1933; Ginsburg 1952; Breuer 1962; 
Hoese and Moore 1977; Reagan and Wingo 1985; Gilbert 1986).

All species of Paralichthys are relatively large, robust, 
darkish, left-eyed flatfishes with large mouths (upper jaw 
extending to or beyond posterior margin of eye) and well developed 
teeth. The bases of both pelvic fins are short and neither extends 
forward to the urohyal bone (Gilbert 1986).

The family Bothidae is represented in the Gulf of Mexico by 27 
species in 12 genera (Topp and Hoff 1972), and constitute the most 
speciose family encountered by Darnell and Kleypas (1987), with a 
total of 23 identified species in the eastern Gulf region. Five 
species of Paralichthys are known from the western North Atlantic, 
three of which are commercially important (Gutherz 1967). Of 
these, southern flounder is by far the most common along the 
Louisiana coast (Norden 1966; Perret et al. 1971; Adkins et al. 
1979). Separation of the various species was questioned until 
Ginsburg (1952) demonstrated the validity of the classification.

2.2 Distribution and Abundance
Smith (1907) and Jordan and Evermann (1898) stated that 

southern flounder ranged as far north as New York. However, based 
on specimens examined, the present species is not known to occur 
north of North Carolina (Ginsburg 1952) . Music and Pafford (1984) 
reported a similar range of this species. The range of specimens 
studied by Ginsburg (1952) was from Edenton, Albemarle Sound, North 
Carolina to Corpus Christi Pass, Texas. He noted the species to be 
common or abundant throughout this range. Reagan and Wingo (1985) 
caught southern flounder in bays and offshore of Alabama, 
Mississippi, Louisiana, and Texas from the barrier islands to the

4
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outer shelf, and on the inner shelf from Apalachee Bay to above 
Tampa Bay, Florida (Figure 1).

Topp and Hoff (1972) summarized information on relative 
abundance of Paralichthvs species collected by the Hourglass 
Cruises (Figure 2). They reported that southern flounder had the 
most restricted latitudinal range of the genus, occurring from 
North Carolina to the Loxahatchee River, Florida, and on the Gulf 
coast from the Caloosahatchee Estuary, Florida to Corpus Christi 
Pass, Texas. Southern flounder were reported to be more common in 
the western Gulf, west of the Mississippi River delta. The gulf 
flounder (P. albiautta)was more dominant east of the Mississippi 
delta, and occurred in greatest numbers along the Florida west 
coast (Simmons and Hoese 1959).

In areas outside the Gulf of Mexico, salinity and substrate 
were reported to be the two major factors affecting distribution 
(Powell and Schwartz 1977). Norman (1934), Powell and Schwartz 
(1977), and Randall and Vergara (1978) reported this species within 
its range along the Atlantic and Gulf coasts fron North Carolina to 
Texas, to prefer muddy substrates in low salinity estuarine areas. 
In North Carolina, Wolff (1977) and Phalen et al. (1989) reported 
similar findings. They agreed that southern flounder were more 
often found in low salinity waters than their closely related 
species, £. dentatus and £. albiautta. Salinity regimes are easily 
utilized to determine ranges of these species. Gunter (1938) 
reported a harvest ratio of 7:1 (P. lethostioma : P. albiautta) 
when comparing estuarine waters of Texas to Gulf areas.

In North Carolina, southern flounder comprised 95.8% by number 
in the pound net catch of flounder (Wolff 1977). It was described 
as one of the three species of flounder that constituted an 
extensive commercial and recreational fishery. Very few southern 
flounder were captured by trawls offshore, while substantial pound 
net catches were made; an indication of an estuarine preference and 
possibly of seasonal occurrence (Wolff 1977). Powell and Schwartz 
(1977) also found southern flounder to be most abundant in low 
salinity areas where clayey silt or organic-rich mud bottoms 
occurred in North Carolina.

In tagging operations in Georgia, Music and Pafford (1984) 
listed southern flounder as the fourth most frequently tagged fish, 
indicating a significant population. Substantiating this is a 
return rate by recreational fishermen that ranked flounder fourth 
following spotted seatrout (Cvnoscion nebulosus), black drum 
(Poaonias cromis), and red drum (Sciaenoos ocellatus), 
respectively.

Ross (1991) found southern flounder in nearshore trawl samples 
collected in North Carolina only during November (N=103), December

5
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(N=2), and January (N=lll) in a study from October 1985 through 
March 1988. Fish caught averaged less than 2.5 kilograms (kg) 
each.
2.2.1 Distribution and Abundance. Louisiana

Ferret et al. (1971) found this species in 16-foot (4.5 m) 
trawl samples during April, June, and July, in coastal Louisiana. 
A catch per unit effort (CPUE) of 0.3 for this gear type was 
calculated. Ferret et al. (1971) collected 801 southern flounder 
with trawls and seines. They were most abundant immediately east 
of the Atchafalaya River, an area of low salinity. Over 50% of the 
total catch occurred during spring, while Fox and Mock (1968) 
collected more fish during summer months in Barataria Bay, 
Louisiana. Southern flounder numbers present in the Delta National 
Wildlife Refuge, Louisiana, peaked in late summer and early fall, 
with an offshore migration beginning in the fall (Kelley 1965).

Czapla et al. (1991) reported southern flounder to be abundant 
throughout coastal Louisiana, common to abundant as adults, and 
generally abundant in other life history stages. They were also 
more often found in low to mid salinity areas in early life stages, 
and in mid to high salinity waters as juveniles and/or adults. 
Norden (1966) ranked southern flounder ninth in species abundance 
out of a total of 70,539 individuals while investigating Vermilion 
Bay, Louisiana. These fish comprised 0.4% of the total finfish 
composition. They were recorded during all months of the year 
except September, with March, July, and August, respectively, 
yielding the greatest numbers. He, and Simmons and Hoese (1959) 
remarked that southern flounder may be under-represented in samples 
due to gear avoidance.

Dunham (1972) observed that southern flounder occurred in 
greatest numbers in central coastal Louisiana; the Timbalier- 
Terrebonne Bay area. This area is characterized by relatively high 
salinities (20+ ppt) sandy-mud bottoms, and ready access to open 
Gulf waters. Fewest numbers were recorded from areas immediately 
east of the Mississippi River that are periodically subject to 
fresh water influence from the river and are distant from the Gulf. 
Gunter (1936) found southern flounder more numerous in inside than 
outside waters (109 vs 6). in Louisiana in 1932 and 1933.

Southern flounder ranked ninth numerically and third in 
weight, of fishes collected by Wagner (1973) from Caminada Bay, 
Louisiana. They ranged from 20-400 mm TL in size. They were 
reported from all areas of Louisiana during all months except 
October and January by Burdon (1978), with the majority captured 
from May through August. Juneau and Barrett (1975) collected 
southern flounder in 161 flat otter trawls at most stations during 
various times of the year in the Vermilion Bay area, averaging

6
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approximately 123.5 mm TL.
Tarver and Savoie (1976) recorded 26 southern flounder from 

16-foot (4.5 m) trawl samples taken in Lake Pontchartrain, 
Louisiana. Size ranged from 35-320 mm total length (TL) with a 
mean of 151 mm TL. These fish occurred at all stations from March 
through September 1973, February, March, and April 1974, and again 
from June through August, with a CPUE of 0.1. Davis et al. (1970) 
reported similar patterns of occurrence from Lake Pontchartrain 
studies. Laska (1973) collected southern flounder during all
months of sampling and in all habitat types in his study of the 
Chandeleur Islands, Louisiana. Suttkus et al. (1954) and Tarver
and Savoie (1976) sampled fish populations in Lake Pontchartrain 
utilizing seines; they recorded a CPUE of 0.3 and 0.2, 
respectively, for southern flounder in this gear.

Nall (1979) reported southern flounder seasonally distributed 
from deep (up to 360') Gulf waters to shallow estuaries. This 
species has been found in large numbers several miles upriver from 
the mouths of the Mississippi and Atchafalaya Rivers in Louisiana 
(personal observation). Dunham (1972) reported that annually, 
between October and December, many large flounder are taken from 
the Mississippi River during low river stages. Darnell et al. 
(1983) found larger concentrations of this species in relatively 
deep water west of the Mississippi River and shallow waters just 
offshore of Texas (Figure 3).
2.2.2 Distribution and Abundance. Gulf of Mexico

Southern flounder have been reported from the Gulf coast of 
the United States, between the Caloosahatchee estuary, Florida 
(Topp and Hoff 1972) to Texas (Norman 1934; Randall and Vergara 
1978), and as far south as northern Mexico (Hoese and Moore 1977; 
Manooch 1984; and Shipp 1986). The species prefers muddy 
substrates in low salinity estuarine areas (Powell and Schwartz 
1977) . Ginsburg (1952) reported that this species prefer a mud 
bottom, and generally is found along shores in bays, sounds, and 
lagoons in relatively shallow water. Nall (1979) stated £. 
lethostioma were more prevalent in the western Gulf of Mexico, 
where waters were normally more muddy and fresher.

Christmas and Waller (1973) stated this species was taken in 
all months except November in Mississippi waters. It was reported 
to be the most common flounder of the area. Darnell (1985) 
reported on" fish found in the Tuscaloosa Trend study area; the 
continental shelf seaward of the barrier islands, including the 
coastal waters of eastern Louisiana, Mississippi, and Alabama. 
Southern flounder was not abundant in collections from this area; 
only .03% of the total fish catch was composed of this species, and 
those specimens were collected from water depths ranging from 7-99

7
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m at stations west of Mobile Bay, Alabama. The majority were 
captured at shallow depths (<19 m) and the species was more often 
collected during fall months. He surmised that there was a 
resident population of older individuals on the shelf.

Darnell and Kleypas (1987) also provided distribution 
information in the northern Gulf of Mexico, including eastern 
Louisiana (Figure 4). Most specimens [62.2 percent (%) ] were 
collected in summer, and most were taken at depths less.than 50 
meters (m), although some were taken as deep as 99 m.

Gunter (1945) captured southern flounder during all seasons in 
Texas bays, but only during March and April in the Gulf. Fish 
examined ranged from 17 to 490 mm in total length (TL) , from waters 
ranging from 9.9 degrees centigrade (°C) to 30.5<>C, and 2.0 ppt to 
36.2 ppt salinity range. Very few were taken from waters above 
25.0 ppt, indicating a preference for estuarine waters.

Swingle (1971) found southern flounder collected in the Mobile 
Delta most abundant in May, June, and July, and noted these fish 
were equally distributed from fresh water to salinities of 30 ppt.

2.3 Morphology
2.3.1 Eaas

Eggs of southern flounder are pelagic, and each female may 
produce approximately 100,000 eggs during the entire spawning 
season (Benson 1982). Norman (1934) reported eggs to be pelagic, 
buoyant, and containing a single oil globule in the yolk. The eggs 
are spherical, having a rigid shell (Smith 1973 and Ward et al. 
1980). Recently released eggs examined by Henderson-Arzapalo et 
al. (1988) had mean diameters of 0.92 mm and all appeared normal. 
Nall (1979) reported that females mature in their fourth or fifth 
year of life, may live for 10 years (as determined in a Florida 
study) , and may spawn more than once each year during this time 
period. Nall's ageing technique, however, has been challenged by 
later research. Stokes (1977) indicated the species matured at two 
years of age in Texas.
2.3.2 Larvae

Terminology of developmental stages is generally patterned 
after those proposed by Hubbs (1943). Larval refers to stages from 
hatching to development of juvenile characters. Postlarval is that 
portion of development after hatching and absorption of the yolk, 
through the beginning of differentiation of fin rays.

Southern flounder begin life, as do all Pleuronectiform
a
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fishes, with one eye on each side of the body. The eyes are 
symmetrical in larvae and one eye migrates to the other side of the 
body during metamorphosis (Ahlstrom et al. 1984). The migrating 
eye moves over the mid dorsal ridge anterior to the origin of the 
dorsal fin (Gutherz 1970). The right eye of the southern flounder 
begins migrating toward the left side of the head when the fish is 
approximately 8 - 1 3  mm (1/3 - 1/2") TL (Ahlstrom 1984). At the 
same time, the left side of the body begins to accumulate 
pigmentation while the right side loses it and turns white; typical 
of left-eyed flounder. This metamorphosis is generally complete at 
sizes of 19 - 25 mm (3/4 - 1") (Smith 1981), after which fish 
remain on or near the bottom. Hildebrand and Cable (1930) reported 
metamorphosis complete at 26 mm TL. Most bothids have a swim 
bladder during the larval stage.

Figure 5 shows the development of larval Paralichthvs spp. as 
described by Hildebrand and Cable (1930) . They were unable to 
separate larvae of the three Paralichthvs species in their study 
area, so their descriptions may include stages of different 
species. Larvae 2.5 mm in length have an enlarged head with a 
prominent hump over the eyes which encloses the brain, a deeply 
compressed body, and a long slender tail. No dramatic change 
occurs as it grows through the 4 mm stage except for rows of dark 
spots which form on the ventral edge of the abdomen and the 
beginnings of a small fin are evident on the nape. This small fin 
serves as a recognition mark as larvae metamorphose from the 4 mm 
through the 12 mm stages. By 6 mm in size, the occipital hump has 
begun to disappear as the brain is now enclosed in the cranium, and 
the small fin on the nape is well developed. At 7 mm in length, 
the body is more definitely compressed and the right eye is now 
slightly higher than the left as it begins to migrate towards the 
left side of the body. The caudal fin is more fully developed and 
rays are appearing in the dorsal and anal fins as they also show 
signs of development. At 8 mm in length, the fish is beginning to 
look more like a flounder: it is much more compressed and the 
right eye has progressed in its migration to the point where it is 
near the dorsal ridge and is now partly visible from the left side. 
At this stage, pigmentation is identical and equal on both sides of 
the body with a few chromatophores present on each side of the 
body. At 11 mm in length, the right eye is fully on the ridge of 
the head and pigmentation on the left side of the body is more 
fully developed and appearing as faint crossbars, while 
pigmentation on the right side remains unchanged. At 16 mm in 
length, both eyes are now on the left side of the head and the fish 
is beginning to look more like an adult. Pigmentation is more 
pronounced with numerous chromatophores on the left side of both 
the body as well as the fins. However, Hildebrand and Cable (1930) 
indicated that live fish of 16 mm and even larger can remain 
surprisingly transparent and difficult to see in samples.

9
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The larval description given by Hildebrand and Cable (1930) 
was based on flounder collected on the east coast and, as Gutherz 
(1970) indicated, one of the problems encountered in dealing with 
larval flatfish is the fact that larvae which have been collected 
over a wide geographic range and a long period of time may show 
varying rates of development between different stages. Problems 
may also have been due to misidentif ication of specimens by 
Hildebrand and Cable (1930) .

Arnold et al. (1977) reported that southern flounder larvae 
began metamorphosis at 40-46 days (8-11 mm TL) , completing 
developmental change at 50-51 days. After metamorphosis, southern 
flounder fingerlings become completely demersal. At 26 mm in 
length, the body shape is very similar to that of an adult. The 
ventral line is not yet rounded as much as it will be in the adult 
stage, and the diameter of the eye is now about equal to the snout 
length whereas it was much longer at the 16 mm stage of 
development.

According to Gutherz (1970), "characters that can be used to 
identify bothid larvae fall into two categories: (1) transitory, 
those which are present during part or all of the larval period but 
eventually are lost and (2) permanent, those which develop during 
the larval period and are retained in the juvenile and adult 
stages". He described transitory characters as larval 
pigmentation, elongate fin rays, and head and body spination. 
Permanent characters would include meristic counts, the placement 
of pelvic fin bases and fin rays, and the arrangement of the caudal 
fin rays with relation to the bones of the hypural plate. Powell 
and Henley (1995) separated southern and gulf flounder larvae based 
on pigmentation, spination, and meristic counts. They indicated 
that cranial spines appeared to be diagnostic in separating early- 
preflexion larval forms, as southern flounder have three cranial 
spines and gulf flounder have less than three. None were observed 
on postflexion larvae of either species but gulf flounder were more 
developed than the southern flounder at any given length.

Deubler (1958), working in North Carolina, used pigmentation 
to differentiate southern flounder postlarvae from summer flounder 
(P. dentatus) and gulf or "sand" flounder. His postlarvae included 
individuals that had completely absorbed the yolk sac but had not 
yet developed the species' definitive characteristics. He 
described 9 - 1 5  mm SL postlarvae of summer flounder as having "a 
well defined band of black pigment along the border of the anterior 
four-fifths of the’dorsal fin, and of the anterior two-thirds of 
the anal fin". Southern flounder and gulf flounder lack this 
pigmentation. He noted that the number of vertebrae could also be 
used in the late postlarval stage to separate southern from summer 
flounder: southern flounder normally has 37 or 38 vertebrae while 
summer flounder has 40 to 42. He reported that postlarvae of
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southen flounder and gulf flounder were more difficult to separate 
since there were no significant differences in pigmentation and the 
vertebral counts are the same. The number of dorsal and anal rays 
can generally be used to separate postlarval southern and gulf 
flounders after fin rays have developed completely (Table 1). He 
observed that no one characteristic can be used to definitively 
separate southern flounder postlarvae from gulf flounder postlarvae 
but rather a combination of characters is sometimes necessary to 
correctly identify postlarvae of these two species.
2.3.3 Juvenile

Juvenile flounder are generally not distinguishable from 
adults except for size and maturity (Hoese 1965). Southern 
flounder were considered juveniles by Stokes (1977), Etzold and 
Christmas (1979) , and Nall (1979) from about 11-300 mm TL (0.4- 
11.8"). At larger sizes, females may become gravid. Hildebrand 
and Cable (1930) described specimens of Paralichthvs spp. 77 mm in 
length as having the fully formed shape of the adult with the body 
completely scaled and with variable pigmentation. The eye had 
decreased in size in relation to snout length and the mouth had a 
more upward and forward curve.

Woolcott et al. (1968) studied skeletal characteristics that 
could be used to differentiate the young of southern, summer, and 
gulf flounder found along the southeastern Atlantic coast. 
Ginsburg (1952) first separated these three species based on gill 
raker, anal, and dorsal fin ray counts. The findings of Woolcott 
et al. (1968), based on 149 specimens 10-130 mm in length, 
indicated that these characteristics, along with vertebral counts 
and lateral-line scale counts could be used to separate the three 
species (Table 2). Summer flounder had the greatest number of 
gill rakers on the lower limb of the first gill arch. They also 
used gill rakers in combination with the number of dentary teeth to 
separate the three species, especially the summer flounder which 
had a larger number of teeth than the other two. Lateral-line 
scale count was also highest in summer flounder and lowest in gulf 
flounder. Use of anal fin ray counts in conjunction with vertebral 
counts yielded a 100% separation of all three species.

By the time most fish are 50 mm TL, they have acquired most of 
the adult skeletal characteristics. Although ranges of counts 
given by Woolcott et al. (1968) in Table 2 are somewhat different 
from the ranges derived by Deubler (1958) (Table 1) for postlarvae 
of these three species, the counts are similar enough to be useful 
in separating these three species when used in combination. Even 
though ranges of counts for these characteristics may differ among 
various authors, this method may be applied individually or in 
combination to separate the young of these three species prior to 
development of coloration (as the three spots normally found in the ll

ll



SOUTHERN FLOUNDER January 30, 1997

gulf flounder are not always evident).
2.3.4 Adult Morphology

Verifiable or consistent characteristics by which to 
distinguish Paralichthvs spp. are meristic, although the extent of 
intraspecific variations in these characters is considerable 
(Ginsburg 1952). In order to distinguish the three common eastern 
species (£. albiautta. £. lethostioma. and £. dentatus), gill 
rakers, anal rays, dorsal rays, and lateral line scales must be 
counted. Ginsburg (1952) provided a means of separating £. 
albiautta. £. lethostioma. and £. dentatus by differences in gill 
rakers, anal and dorsal ray counts, or by a combination of these 
factors. Cycloid or ctenoid characteristics of scales are also 
significant in separating Paralichthvs spp.

Ginsburg (1952) discusses these and other characteristics in 
detail, as follows (all length measurements are in mm TL).

"Diagnosis.--Scales cycloid on both sides at all 
ages; 52 to 74, nearly all individuals falling in the 
range between 56 and 67, the mode at 60. Accessory 
scales rather sparse, sometimes numerous in large 
specimens (although not quite so many as in dentatus or 
albigutta) . usually beginning to appear in specimens 110 
to 120 mm in length, sometimes very few present in much 
larger fish. Total number of gill rakers on first arch 
ranging 10 to 13, nearly all having 11 or 12 (these two 
numbers occurring with approximately equal frequency); 
nearly always two on upper limb, infrequently three; 
eight to 11 on lower limb, nearly all specimens having 
nine or 10. Anal rays 63 to 73, the mode at 69 (77 in 
one specimen); dorsal 80 to 95. Pectoral rays 12 in the 
majority of fish, frequently 11, sometimes 13 (12 on both 
sides in six; 11 on both sides in two; 12 on eyed side 
and 11 on the other in two; 13 on eyed side and 12 on the 
other in one; none on eyed side and 11 on blind side in 
one, the last evidently being abnormal in this respect) . 
Vertebrae 10 or 11 + 27 (in two specimens) . Origin of 
dorsal usually somewhat in front of anterior margin of 
eye in large fish and somewhat behind anterior margin in 
specimens under 100 mm. Posterior extremity of maxillary 
reaching to a vertical through posterior margin of pupil 
in specimens of about 35 mm, through posterior margin of 
eye at about 50 to 100 mm, past eye in specimens over 100 
mm. Interorbital rather wide, becoming markedly broad in 
large fish, conspicuously more so than in related 
species. Body becoming deep in large individuals. 
Sinistral.”
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"Color.--Body irregularly shaded with darker and 
lighter. The five longitudinal rows of spots more or 
less evident, usually diffuse, blending more or less with 
the darker shadings, and tending to disappear entirely in 
large individuals. None of the spots ocellated. 
Sometimes the spots are saliently distinct in specimens 
up to about 150 mm, and in such individuals the three 
spots forming the large triangle are most prominent as in 
albiautta. but they are not ocellated. The relative 
intensity of the shadings on the body is subject to great 
variation as in related species; some specimens being 
very light all over, especially in life, and others being 
very dark. After being landed, specimens of this species 
usually have whitish spots irregularly snowed over the 
body; these usually disappear after the death of the 
fish, but are sometimes present also in preserved 
specimens."

"Small fish, between 20 and 45 mm, show 
characteristic groups of chromatophores, each group 
consisting of a blotch-like concentration of minute 
pigment dots interspersed with coarser chromatophores. 
This grouped concentration of chromatophores gives a 
gross appearance of blotches which may be somewhat 
coalescent. The coarser chromatophores may be also 
scattered between the blotches, but they are especially 
concentrated on them. The characteristic appearance of 
these groups is well shown in Hildebrand and Cable's 
figure 88 [Figure 5, in this profile, 26 mm specimen], 
although in most specimens they are not so saliently 
prominent. One group on the midline, about two-thirds of 
the distance from the gill opening to the base of the 
caudal and two others near the angle of the curve in the 
lateral line, one above and one below, tend to be most 
prominent. The three most prominent groups are in the 
same position as the three ocellated spots in alhigntta. 
that is they form the characteristic large triangle of 
related species, but these spots in the young of 
lethostigma are not ocellated. The young of lethostigma. 
of about 20 to 40 mm, have the color pattern very similar 
to those of den tat us of the same size; but after the 
material is properly separated some small differences 
become apparent which are typical of lethostigma. The 
two spots at the posterior ends of the subdorsal and 
supra-anal rows are not as prominent as in dentatusr the 
coarse chromatophores that overlay the dark blotches in 
groups, are characteristically more numerous in 
lethostigma: the other blotches on the body, in addition 
to the three most prominent ones, are usually more 
distinct than in dentatus. In lethostigma the other
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blotches are sometimes of nearly equal intensity as the 
three forming the large triangle. "

"In still smaller individuals, 13 to 20 mm, the 
groups of chromatophores are more diffuse and so arranged 
that they sometimes suggest broad cross bands. At about 
that size, specimens of albigutta resemble somewhat those 
of lethostigma. Specimens of 50 mm or over generally 
have the color pattern of large fish."

"Size.— This is the largest flounder on the coast of 
the southern states. Fish brought to the market by 
giggers are usually between 12" and 20". The largest 
examined is an individual 26" (660 mm), including the 
caudal fin, from Beaufort, North Carolina. Jordan and 
Gilbert (1883, p. 617) report a maximum length of 30" at 
Charleston, South Carolina. However, in view of the 
paucity of records, it is quite possible that the species 
attains a considerably larger size."

"Distinctive characters and relationship.--On the 
Gulf coast and the east coast of Florida where albigutta 
is common, this species may be readily distinguished, as 
a rule, by its distinctive color, all of the spots being 
diffuse, none especially prominent and not definitely 
ocellated. Doubtful specimens are separable by the 
combination of higher fin ray and scale counts. In the 
northern part of its range. North Carolina to northern 
Florida, where dentatus also occurs, lethostigma may be 
distinguished from that species by the lack of ocellated 
spots, and more especially by the fewer gill rakers there 
being no intergrading individuals with respect to this 
character, as between these two species. A count of the 
gill rakers on the first arch will positively distinguish 
lethostigma and dentatus in every case. From the deep 
water squamilentus. this species may be distinguished by 
the depth of the body aided by the fewer gill rakers and 
other characters. £. lethostigma also has a wider 
interorbital than the other three species, except in the 
small specimens. "

The following description was taken from Gutherz (1967) in 
which he used a combination of specimen examinations and literature 
review:

"Dorsal fin rays 80 to 95; anal fin rays 63 to 74; 
pectoral fin rays on ocular side 11 to 13; gill rakers 
two or three (usually two) + 8 to 11 (usually nine or 
10); scales in lateral line 85 to 100; vertebrae 10 or 11 
+ 27 or 28. Body depth 39 to 47% SL; head length 24 to
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34% SL; eye diameter 15 to 19% HL (decreasing with 
increasing size); upper jaw length 47 to 51% HL, 
extending posteriorly to a vertical through posterior 
margin of pupil on specimens about 35 mm SL, through 
posterior margin of eye on specimens between 35 to 100 mm 
SL, and beyond posterior margin of eye on specimens over 
about 100 mm SL. Ocular side light to dark brown, with 
diffuse nonocellated spots and blotches which tend to be 
absent in large specimens. Blind side immaculate or 
dusky. "
Delamater and Courtenay (1974) found all species of 

Paralichthys to have accessory scales. These appear rather late in 
the life of the fish: 110 - 120 mm TL, according to Ginsburg 
(1952), and appear to be a late evolutionary acquisition. Because 
of the late appearance, usefulness is limited. This character has 
been neglected by authors, and it is difficult to appraise its 
value for separation of species.
2.3.4.1 Coloration

Juvenile and adult flatfish normally are pigmented only on the 
upper body surface. It has been postulated that this pigmentation 
is due to the action of light on the upper surface with the lower 
surface normally lacking pigmentation as a result of the lack of 
exposure to light (Gowanloch 1933). This species also has the 
ability to modify color patterns to coincide with its environment. 
Commonly known as "camouflage", this process was investigated and 
described by Saidel (1978) who discussed the location and 
functioning of me1anophores and iridiophores within the skin of the 
fish. He speculated that adaptation to background reflectance and 
texture contrast, in conjunction with the dorsal and ventral fin 
structures provide sufficient camouflage.
2.3.4.2 Anomalies

Ambicoloration and partial or complete albinism are other 
flatfish abnormalities, (Hoese and Moore 1977). Dawson (1967) 
described two southern flounder with partial albinism and 
osteological anomalies and abnormalities. He believed this was due 
to wounds or adverse environmental factors when postlarvae or 
younger. Dawson (1969) reported a nearly total ambicolorate 
southern flounder with a hooked dorsal fin and partially rotated 
eye from Mississippi Sound. Another specimen from this area 
exhibited a combination of melanism and albinism and xanthochromism 
(golden-yellow coloration). Gartner (1986) described three 
southern flounder possessing partial ambicoloration and postulated 
depth of occurrence might be linked to abnormality frequency since 
it appears in families of flatfishes which inhabit shallow coastal 
waters (<5 m depth). He believed causative factors were
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temperature and light, probably induced during larval development. 
Powell and Schwartz (1977), using radiographic examinations on 
totally ambicolored £. lethostioma. found they possessed atypical 
osteological structures in the orbital region and "hooked" dorsal 
fins while incomplete ambicolorates manifested no structural 
abnormalities. They believed skeletal damage did not cause 
ambicoloration or the hooked conditions in southern or summer 
flounder. Several flounder of various stages of ambicoloration 
have been collected in Louisiana (specimens on file, LDWF).

Hoese and Moore (1977) refer to "reversal" in members of the 
Bothidae family as "possessing internally correct features while 
exhibiting external features on the wrong side". Gutherz (1967) 
reported "reversal" as not uncommon in certain species of 
Heterosomates, being common in 40-60% of various Pacific bothid 
species. Moore (1969) was believed to be the first to describe 
morphological reversal in southern flounder when he reported eyes, 
paired fins and pigmentation of a specimen were reversed dextrally. 
Some instances of reversal have been noted in Louisiana, although 
they are uncommon. Powell and Schwartz (1979) described the 
caudal structure of a double tailed southern flounder from North 
Carolina waters.

2.4 Reproduction
2.4.1 Aae. Length and Weight at First Spawn

Stokes (1977) found first sexual differentiation of southern 
flounder in Texas discernible when they attained approximately 170 
mm (6.7") TL. Fish with no evident gonads (<170 mm) were 
considered as immature. Progression from this stage through Stage 
I (immature) and into Stage II (maturing) occurred during the first 
year. The initial spawn occurred at two years of age, based on 
collections of gravid fish. Virtually all spawning was indicated 
to occur offshore, as adults which did not migrate offshore showed 
no further gonadal development in inshore waters.

Shepard (1986) sampled 206 southern flounder in Barataria Bay, 
Louisiana, finding 178 female and 28 male fish. Females averaged 
358 mm TL, ranging from 235-520 mm, while males averaged 247 mm TL 
and ranged from 114 to 295 mm. The smallest female with spawning 
potential (based on use of gonadosomatic indices) was 243 mm TL, 
while the smallest potentially spawning male was 170 mm.

Music and Pafford (1984) found the smallest southern flounder 
for which sex could be determined through gross examination to be 
13 0 mm (Age 0) for females and 232 mm (Age 1) for males. They 
further stated an insufficient number of adults were collected from 
North Carolina waters to allow determination of length and age at
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first spawning, since spawning took place at sea. All specimens 
examined exhibited early stages of gonadal development (I-III). Of 
the females examined, 92% were stage I, 7% stage II, and 1% stage 
III (mature). Males showed less development (91% - I, 9% - II, 0 - 
III). Male flounder seldom exceeded 12"; females were 
approximately 12" TL in the second year of life, 18" TL in the 
third year (Stokes 1977).

In South Carolina, first maturity of male and female southern 
flounder was noted at 230 mm and 320 mm, respectively. All males 
greater than 310 mm and females greater than 380 mm were mature 
(Wenner et al. 1990). Etzold and Christmas (1979) found all fish 
to become sexually mature by their third year, at 13.3" standard 
length (SL), in Mississippi waters. They found the smallest 
sexually mature fish at 9.0" SL.

Nall (1979) stated that female southern flounder did not 
commonly mature until more than six years of age. He felt that 
large numbers of females were harvested prior to spawning. Other 
authors stated that southern flounder reach sexual maturity at 
approximately 2-3 years of age (Manooch 1984; Stokes 1977; Wenner 
et al. 1990) .
2.4.2 Time and Duration of Soawn

In North Carolina, flounder have been reported as winter 
spawners by several authors, including Ross and Epperly (1985). 
Smith et al. (1975) found southern flounder to spawn during fall 
and early winter there. Ginsburg (1952) stated southern flounder 
may spawn for extended periods, although the general season was 
fall and early winter.

Stokes (1977) reported sexually mature adults emigrating 
offshore during October-December, and juveniles immigrating during 
January-February in Texas. Southern flounder left Aransas Bay to 
spawn in the Gulf of Mexico from October through December, 1974 
(Stokes 1977). Maximum emigration was from November 11-14, as 
indicated by maximum CPUE in the gill net. Emigration of males 
preceeded that of females and male flounder were not present in 
samples after November 25. Adults in the developing stage began to 
enter the catch during mid September, . developed stages were 
apparent from October through December, finally becoming gravid in 
December. This indicates a very short incubation period, assuming 
courtship and spawning behavior occur sporadically during the 
October-December period.

Gunter (1938) reported this species to spawn from September to 
April, based on the appearance of young flounder along beaches in 
April. Ginsburg (1952) concluded spawning activities extended from 
late fall to early winter and possibly longer. Flounder with
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developing roe were captured in October 1942 in Texas (Gunter 
1945) .

Laska (1973) collected nine (205 to 365 mm TL) flounder from 
September through December at the Chandeleur Islands, Louisiana, 
and reported they were apparently pre-spawn fish. Louisiana 
gonadosomatic indices (GSI's) plotted by month indicated an 
increase in gonadal development of females beginning in August, 
continuing to November (Shepard 1986). An observed decline in 
December indicated a peak in spawning activity during that month. 
Similar findings were reported by Henderson-Arzapalo et al. (1988) 
following analysis of gonadal conditions of southern flounder 
exposed to a four month compressed conditioning cycle (Table 3). 
Although Shepard (1986) analyzed GSI's and determined peak spawning 
activity occurred during December in the vicinity of Grand Isle, 
Louisiana, he could not define the extent of the spawning season 
due to movement of animals offshore. It should, however, be very 
similar to the time period reported by other investigators, based 
on emigration patterns and subsequent capture by the offshore 
shrimp fleet.

Stickney and White (1974a) postulated spawning that began in 
early winter along the Georgia coast, based on their finding 
postlarvae inshore during the same time. Gunter (1945) and Simmons 
(1951) reported spawning in winter, primarily November to January, 
along the Gulf of Mexico coast, over the inner and central 
continental shelf.

Arnold et al. (1977) documented spawning on December 21, 
1976, and for 12 consecutive days following. Swingle (1971) 
collected the smallest southern flounder (59 mm) in December in the 
Mobile Bay, Alabama area, while in Texas, Gunter (1945) reported 
collecting young 17 to 40 mm TL during December, February, March, 
and April, also indicative of a spawn in late fall-early winter.

Nall (1979) found developing eggs in all female southern 
flounder 6+ years of age in Alabama and northern Florida. Only 8%, 
5%, and 18% of four, five, and six year old fish were involved, 
however. The smallest maturing specimen collected was 308 mm 
(12.1" TL). Note that Nall's ageing estimate was not consistent 
with that of other investigators, possibly accounting for the 
greater age at maturity.

Hildebrand and Cable (1930) reported an earlier (September to 
May) spawning peak among Paralichthvs spp. in North Carolina, as 
water temperatures cool earlier there than in southern and central 
areas of the Gulf of Mexico. No distinction between species was 
made, however, and data may not have included £. lethostioma.

Normal winter spawning conditions of 18° C and a 9 hour (h)
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light:15h dark photoperiod was reported in Texas by Henderson- 
Arzapalo et al. (1988). Arnold et al. (1977) reported similar 
results, as laboratory kept southern flounder spawned only at 17° 
C, 9h light conditions. Gonadal maturation and egg release 
occurred only when lab conditions followed the natural seasonal 
pattern. Regardless of temperature and photoperiod manipulation, 
eggs were released only during December-February, and were usually 
released in the early morning between 0500-0900 hours. Egg 
releases began December and continued through mid-January. By the 
end of March, all females were refractory (Henderson-Arzapalo et 
al. 1988). This characteristic may be physiologically regulated, 
as Hickman (1968) found adult southern flounder to exhibit seasonal 
changes in osmoregulatory processes. These changes corresponded to 
spawning migrations between estuarine and offshore waters.

Nall (1979) found gonadal development in female flounder from 
Mobile Bay, Alabama as early as August. Fifty-eight percent of 
females over 308 mm TL contained ripening gonads. The youngest 
maturing female observed was reported as age group 4, while the 
smallest individual was 256 mm SL. All females found maturing in 
August were over six years old.

White and Stickney (1973) reported a very practical means of 
sexing flatfish while collecting sexually mature fish for 
laboratory spawning. They held trawl-captured flatfish up to a 
strong light and observed internal anatomy. They found sexing the 
animals to be relatively easy, and presence or lack of distended 
ovaries extending posteriorly in the abdominal cavity could be 
readily distinguished. This enabled gravid to running-ripe females 
to be easily collected for laboratory spawning procedures.
2.4.3 Fecundity

During a laboratory spawning and larval study using six pairs 
of adult southern flounder, Arnold et al. (1977) observed spawning 
on 12 consecutive days after an initial spawn on December 21, 1976. 
These spawns produced a total of 1.2 X 10s eggs, with a 
fertilization rate of 30-50%.

Lasswell et al. (1978) reported three spawning females to 
produce batches of approximately 40,000 eggs each. The 
fertilization percentage and hatching rate were similar to that 
reported by Arnold et al. (1977), averaging only 26% and 50% for 
each, respectively. In another study, Lasswell et al. (1978) found 
females to produce approximately 5,000 eggs per spawn that were 
fertilized (a fertilization rate of approximately 80%). These eggs 
hatched within 40 hours at a water temperature of 22° C.

Henderson-Arzapalo et al. (1988) reported 24 releases of 66 to 
28,900 eggs occurred between December and February(Table 4). Based
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on those data, they remarked that batch fecundity was small when 
compared to most cultured flatfish species.

White and Stickney (1973), when reporting on flatfish in 
general, stated that females often lay over 100 thousand (k) eggs 
per spawning season, depending on species.
2.4.4 Temperature. Salinity. Photoperiod, and Spawning Habitat

Water temperature has a definite impact on stages of gonadal 
development in preparation for spawning. Of all specimens 
collected by Music and Pafford (1984) only one stage III female was 
found; this fish was collected during August in waters above 31 
ppt. The authors surmised this fish was preparing to move offshore 
in anticipation of the fall and winter spawning season. They found 
no advanced stages of gonadal development in fish from Georgia 
inshore waters. Miller et al. (1984) suggested several advantages 
of winter spawning, including: greater survival at reduced 
temperature, refuge from predation, and advantageous currents into 
nursery areas from offshore spawning grounds.

Music and Pafford (1984) found little, if any, spawning 
occurring in Georgia inshore waters, while in near-offshore waters 
of Mississippi. Etzold and Christmas (1979) stated spawning took 
place from September to January with peak activity occurring in 
October. Shepard (1986) also indicated an offshore spawn near 
Grand Isle, Louisiana, based on emigration patterns and subsequent 
capture by the offshore shrimp fleet. Arnold et al. (1977) induced 
laboratory spawning at a mean temperature ranging from 16.5 - 
17.5°C and a salinity of 28 ppt (Table 5), similar to offshore 
environmental conditions in early winter.

Lasswell et al. (1978), using carp pituitary hormone to induce 
laboratory spawning of southern flounder, reported eggs hatched in 
40 hours at water temperatures of 22o c. Arnold et a l . (1977) 
stated laboratory spawned eggs hatched in 61 to 76 hours at 17°C 
and 28 ppt salinity.

Stokes (1977) found southern flounder emigrating from Texas 
bay systems in preparation for spawning in the Gulf of Mexico when 
a characteristic decrease of water "temperature from approximately 
23° C occurred (normally October-December). Passage of cold fronts 
normally triggered this activity.

Stickney and White (1974a) found postlarval southern flounder 
growth most rapid at salinities as high as 30 ppt. Salinity 
requirements change rapidly with age and within a few months, 
juvenile southern flounder grow most rapidly at low (5-10 ppt) 
salinities. These changes probably relate to their normal 
migrational patterns. Stickney and White (1974a) reported that
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southern flounder in Georgia are spawned offshore and migrate to 
inshore waters as postlarvae. They found that although the species 
was euryhaline, southern flounder larvae grew most rapidly at high 
salinities (30 ppt) until reaching advanced postlarval stages, 
whereupon low salinity water was preferred. Deubler (1960) 
demonstrated that southern flounder postlarvae were able to survive 
and grow at salinities ranging from 0-30 ppt without prior 
acclimation. These studies also indicated increased growth with 
an increase in salinity.

Smith et al. (1975) found all four species of Paralichthys in 
the Cape Hatteras area to spawn in fall and early winter. Spawning 
apparently peaked in late November to early December, as larval 
numbers peaked in mid December.

Benson (1982) also found that southern flounder spawned 
offshore and reported waters 66 to 197' deep were most often 
utilized.
2.4.5 Courtship and Spawning Behavior

Arnold et al. (1977) reported courtship and spawning behavior 
from laboratory experiments. They noted males attended females 
three weeks prior to spawning. Males followed females and 
positioned their heads near the female's vent when they rested. 
Actual spawning occurred at midday in the lab, near the surface, 
and only the larger (>2kg) females spawned. They spawned more than 
three times each. They further classified southern flounder as 
serial spawners, having an extended spawning season of variable 
duration.

Lasswell et al. (1978) observed several spawning acts and 
reported each to involve one male and one female. In each 
observation, the male released a small amount of sperm which may 
have been insufficient to fertilize all eggs released by the 
female. This may have been due in part to the hormone method used 
to induce spawning.

Sexual ratios of southern flounder as reported by Music and 
Pafford (1984), may also affect reproductive success, as no males 
were found less than 151 mm nor over 401 mm. Absence of male fish 
in the smaller and larger sizes raised the overall sex ratio to 
9.5:1, from a total of 116 southern flounder examined between 
January 1979 and June 1982 in Georgia (Table 6).
2.5 Recruitment and Recruitment Mechanisms

Ward et al. (1980) provided a schematic model of the life 
cycle of southern flounder for the Texas coast (Figure 6) . 
Following-a winter spawn on the continental shelf, eggs and early
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life stages drift passively toward estuaries with prevailing 
currents. Young were believed to pursue a more active movement 
toward inshore waters with growth. In North Carolina waters, 
Miller et al. (1984) analyzed shelf currents and believed larval 
distribution more likely a function of currents than active 
swimming. They noted that peak recruitment of fall and winter 
spawned larvae coincided with favorable growth and survival 
conditions. The extended period of recruitment ensures survival of 
at least some larvae during favorable conditions (Warlen and Burke 
1990).

Larval transport and recruitment along the Atlantic coast may 
be affected by the presence of the Gulf Stream current, which 
provides a mechanism for rapid longshore movement of larvae. 
Although larvae were not abundant south of Cape Hatteras, they were 
collected on the outer half of the shelf (Smith et al. 1975) . They 
postulated some of those larvae were spawned locally, while others 
were transported into the area surveyed from southern spawning 
grounds. This current is not as well-defined and much weaker in 
the northern Gulf of Mexico, and may not provide the longshore 
transport mechanism available to Atlantic coast stocks.

In North Carolina estuaries, peak recruitment of juvenile 
flounder usually occurred when stratification and tidal exchange 
ratios were at a yearly maximum. To avoid being flushed from the 
estuary following recruitment, flounder exhibited certain 
behavioral responses to photoperiod and tide (Weinstein et al. 
1980) . They also suggested postlarval transport into the marshes 
and freshwater areas was enhanced by a surface migration on flood 
tides at night and "riding out" ebb tides on or near the bottom 
(Figure 7). The study implied tidal response might be the primary 
mechanism utilized by postlarval flounder to reach suitable nursery 
habitats.

Williams and Deubler (1968) reported postlarval immigration 
related to lunar phase but no correlation was found between rate of 
immigration and wind. King (1971), however, found the rate of 
immigration of postlarval flounders (£. lethostioma inclusive) in 
Texas waters was significantly correlated with wind direction and 
that immigration was greatest during onshore or southerly winds. 
His data also indicated higher rates of immigration with increased 
salinities and current velocities along with more turbid water and 
increased tidal amplitude (including duration of flood tides). 
King (1971) further recorded postlarval Paralichthvs spp. in 
greatest numbers near the sides of channels, and slightly higher 
numbers near the west bank, as opposed to the east bank of Cedar 
Bayou inlet. Horizontal distribution was uneven within the inlet. 
No correlation was noted between rate of ingress and air or water 
temperatures, although Stokes (1977) found immigration beginning in 
Texas at water temperatures as low as 13.8° C and peak influx at
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16.0-16.2° C. This was probably directly related to season, rather 
than temperature as a primary factor controlling ingress.

In a southeast Louisiana tidal pass, Sabins (1973) noted 
juvenile flounder catch appeared to be affected by tidal stages 
more than light cycles. He described the tendency for young to 
concentrate along channel edges, especially in quieter waters along 
the western edge of the tidal channel during ebb tide and then move 
inland with flood tides. Sabins suggested similar die! patterns 
among immigrating YOY might aid individuals to maintain a shoreward 
transport and avoid being flushed seaward. Weinstein et al. (1980) 
presented similar data gathered from North Carolina estuaries.

In North Carolina, peak recruitment of southern flounder 
occurred from April to June (Ross and Carpenter 1983). Ross and 
Epperly (1985) proposed an April or May peak in Pamlico Sound, 
North Carolina, while Rozas and Hackney (1984) described a March 
peak in North Carolina oligohaline marshes.

Southern flounder larvae have been collected as early as 
November from east coast waters, but no earlier than December along 
the Gulf coast with some variation among researchers by area. Most 
agree on a peak arrival in the estuaries from February to March 
(Table 7). Smallest individuals and maximum immigration was noted 
in February by Stokes (1977) in the area of Aransas Bay, Texas. In 
a Georgia salt marsh, Rogers et al. (1984) found recruitment to 
terminate in March, coinciding with peak abundance. Etzold and 
Christmas (1979) reported an inshore movement of recruits from 
December through May in coastal Mississippi.

In Louisiana, studies in the major estuarine systems indicated 
initial arrival of southern flounder recruits in January, 
increasing in February and March, and continuing through April 
(Table 7) . Minimum size at initial recruitment ranged from the 0-5 
mm standard length (SL) group in January (Rogers and Herke 1985) to 
51 mm TL in April (Norden 1966). Rogers and Herke (1985), while 
investigating arrival of young of the year (YOY) in southwest 
Louisiana marshes (Figure 8), found catch/sample occurring in two 
peaks (February and March). Felley (1987) reported juvenile £. 
lethostioma appeared during spring months (March-April-May) in the 
Calcasieu Lake estuary, Louisiana. Norden (1966) also collected 
11-30 mm TL juveniles in March> while Gunter (1938) seined 
juveniles 5-10 mm TL from the Barataria Bay, Louisiana beach in 
April. Juveniles 21-24 mm TL were collected during January near 
Chandeleur Island, Louisiana by Laska (1973). He also reported two 
young of 6 and 7 mm TL and 20 others ranging from 15-31 mm TL 
during March.

Immigration of juvenile southern flounder began during 
February 1974 and January 1975 near Aransas Pass, Texas (Stokes
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1977). February was the month of greatest immigration during both 
years, as indicated by the incidence of capture. Juveniles were 
generally recorded in passes near the Gulf first, inshore channels 
next, and finally inshore bays. They were most numerous in bays 
during spring months, peaked in June or July, and decreased 
thereafter. Net avoidance by larger fish was thought to be the 
main reason for decreased catch.

In North Carolina, Deubler (1958), Tagatz and Dudley (1961), 
and Williams and Deubler (1968) found southern flounder postlarvae 
to enter estuaries during winter. Following a late fall/early 
winter oceanic spawn (Smith et al. 1975), southern flounder larvae 
were collected during nighttime flood tides as they entered North 
Carolina estuaries (Warlen and Burke 1990). In a study spanning 
four winters in North Carolina, Burke et al. (1991) collected 
metamorphosing, planktonic larvae from late November to mid April 
with a peak in February.

Young of the year (YOY) ranging from 10-40 mm TL were first 
captured in estuarine waters during March in North Carolina. Young 
juveniles apparently sought upper reaches of tributaries during 
recruitment, as they were captured in open water areas until April 
and then very few were observed. Young of the year dominated 
flounder catches in the northern tributary system, and ranged 18-65 
mm TL in size (Powell and Schwartz 1977).

Turner and Johnson (1974) reported similar findings from South 
Carolina when they found large numbers of small flounder in tidal 
streams, with most occurring in April. They stated these were all 
YOY moving into nursery areas.

Southern flounder YOY were also found to appear in maximum 
numbers during spring in North Carolina by Hawkins (1982), 
corresponding to larval and juvenile recruitment patterns of the 
majority of estuarine dependent species (Table 8).

Other studies indicated migration of postlarval and juvenile 
southern flounder toward freshwater, up-river or low salinity 
intertidal zones (Hildebrand and Cable 1930; Powell and Schwartz 
1977; Weinstein 1979; Weinstein et al. 1980; Smith 1981; Hawkins 
1982; Rogers et al. 1984; and Rozas and Hackney 1984). In South 
Carolina, Wenner et al. (1990) noted distribution of YOY (January- 
April) was nearly three times greater at the most upriver station 
than the site nearest the ocean. Rogers et al. (1984) found the 
highest abundance of recruits to concentrate in northerly estuaries 
in freshwater conditions and to utilize the shallow nursery area on 
a size-specific basis. As residence-time and growth increased, 
movement toward more saline waters began. Since less saline 
headwaters of the total distribution range are utilized first with 
subsequent movement to more saline waters occurring with growth.
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there is a "filling up backward" of the nursery (Herke 1971; 
Weinstein 1979).
2.6 Mi gr a t ion / Movement

Benson (1982) described southern flounder as a *'euryhaline, 
estuarine dependent bottom fish" seasonally distributed from deep 
Gulf waters (110 m) to shallow estuaries. Influx of YOY into 
northerly estuaries, and a movement to more saline waters with 
growth indicates southern flounder migrate seasonally through a 
salinity gradient, moving from lower salinities of the estuaries in 
spring to higher salinities offshore during winter. This movement 
might be in response to an optimum salinity/temperature condition 
under which maximum growth rates occur, provided a sufficient food 
supply is available (Peters and Kjelson 1975).

Juveniles decreased rapidly in abundance in upper creeks after 
April in the southern area of North Carolina and movement was 
completed by July. In the northern area, flounder utilized shallow 
tributaries through July, with decreasing numbers noted thereafter. 
In North Carolina, Burke et al. (1991) reported that recruits 
initially settled on high salinity intertidal flats followed by 
upstream movement toward the head of the estuary where they settled 
on shallow tidal flats with muddy substrates. Salinity affected 
distribution more than substrate. Advanced juveniles sought out 
nursery grounds in North Carolina estuaries characterized by low 
salinities and muddy substrates. After reaching yearling size, 
movement out of those areas was thought to occur (Powell and 
Schwartz 1977).

Larval forms of P. lethosticrma were collected during March and 
April in Vermilion Bay, Louisiana by Norden (1966) . Gunter (1938) 
also reported collecting 5-10 mm TL fish in April 1933 in seines on 
outside beaches of Louisiana. Approximately two months later, they 
appeared in trawls at 12-15 mm TL. He surmised spawning occurred 
in winter months, based on those findings.

Simmons and Hoese (1959) noted an intense seaward movement of 
these fish during fall months associated with declining water 
temperatures; Simmons and Hoese (1959) reported seasonal movements 
of southern flounder in Cedar Bayou, Texas. During April and May, 
random movement was recorded; in June bayward movement; July-August 
revealed random movement; September, November, and December were 
months of gulf ward movement. No flounder were found in January and 
February. They reported numerous southern flounder captured in 
fish traps in Cedar Bayou, Texas, during 1950. Some fish captured 
were tagged and later recaptured by shrimp boats in the Gulf of 
Mexico in 20 fathoms (fm) of water. Stokes (1977) found adults 
leaving Texas bays from mid-October to mid-December, peaking in 
mid-November. This seasonal movement was also associated with a 4-
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50 c decrease in water temperature. Arnold et al. (1960) reported 
a "fall run" of southern flounder in October and November at 
Galveston Island, Texas, thought to be associated with spawning 
activities. In contrast, moderate to warm winters can cause 
departure from bays over an extended period rather than a mass 
exodus following a severe cold front (Hoese and Moore 1977).

Other researchers describing a fall and early winter migration 
include Hildebrand and Cable (1930), Kelly (1965), Hoese and Moore 
(1977), and Shepard (1986) . Some authors included older juveniles 
along with adults in this gulf ward movement (Ginsburg 1952; Fox and 
White 1969; Stokes 1973; Powell and Schwartz 1977; and Randall and 
Vergara 1978). Although some young of the year leave estuaries in 
the fall, most remain and overwinter in deeper holes and channels 
(Gunter 1938 and 1945). Ogren and Brusher (1977) and Stokes (1977) 
also noted some adults remained and utilized deeper portions of the 
estuary during winter. In Texas, Stokes (1977) reported highest 
winter catches within bays at stations along or within the Gulf 
Intracoastal Waterway. In North Carolina, Devries and Harvell 
(1982) believed some flounder overwintered in the river or returned 
there the following spring or summer from areas of deeper water.

From the time of recruitment, age I individuals were abundant 
in the estuary for 18-20 months with yearlings moving seaward by 
mid to late summer of their second year (Powell and Schwartz 1972). 
Analysis of their length/frequency data led Devries and Harvell 
(1982) to suggest a higher proportion of age II or older fish 
migrated to the ocean in the fall than age I fish. Smith (1981) 
stated young of the year remained in and utilized nurseries up to 
their second year of life. In seaward migrations during fall 
months, males appeared to leave estuaries earlier than females 
(Simmons 1957; Simmons and Hoese 1959; Stokes 1977) . Older males 
probably remain in the Gulf of Mexico and do not return to 
estuaries with other adults; the return movement usually begins the 
following February (Stokes 1977).

Smith (1981) reported localized movement associated with tidal 
stages, as this species moved on and off of shallow bars and flats 
with rise and fall of tides. Stokes (1977), although reporting one 
tagged southern flounder recaptured 48 miles northeast of the tag 
site, found inconsistent movement patterns of 0-11.3 miles between 
and within bays.

Green (1986) accumulated 25 years of tag and release data from 
coastal Texas waters. Results indicated the majority (58%) of 
southern flounder were recaptured within five kilometers (km) of 
the tagging location and 69% within the same, bay system. Most 
recaptures were within 90 days of release. During a four year 
study in coastal Georgia, average time at large was 215 days with 
average movement of 54 km. Only 32% of all recoveries were within
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the estuary of release and occurred during summer and fall. 
Greatest recorded movement outside the estuary was seaward toward 
warmer, higher salinity waters in the fall (Music and Pafford 
1984). In North Carolina waters, Devries and Harvell (1982) 
received most returns in less than 40 days within 6.4 km of the 
release site. Intermediate and long-term returns indicated a 
seaward movement. Monaghan (1992) in North Carolina waters and 
Wenner et al. (1990) in South Carolina waters noted similar 
results. These studies reported some individuals traveled 
considerable distances: Music and Pafford (1984), 556 km; Monaghan 
(1992), 428 km; Wenner et al. (1990), 404.7 km in 472 days; Green 
(1986) 15.2% moved > 40 km; Devries and Harvell (1982), several in 
excess of 322 km with one at 740 km and another moving 645 km in 
131 days, averaging 4.9 km/day.

2.7 Age/Growth
Yolk sac larvae of laboratory spawned southern flounder 

measured 1.2-1.4 mm TL with a 0.7 mm long yolk sac containing a 
single oil globule at its posterior edge (Lasswell et a l . 1978). 
Metamorphosis of laboratory cultured larvae began at 40-46 days (8- 
11 mm TL) and structural changes to postlarvae were complete at 50- 
51 days. Thereafter, fingerlings became completely demersal 
(Arnold et al. 1977). In postlarvae collected for growth studies, 
Deubler (1960) measured 8-12 mm SL fish which weighed 15 milligrams 
(mg) after preservation. Stickney and White (1974a) found southern 
flounder in North Carolina to average 28 grams (g) after five 
months while fish from Georgia averaged 15 g. Initial weights of 
the North Carolina stock was 0.5 g and required 10 weeks to attain 
a 500% weight increase. Etzold and Christmas (1979) also indicated 
there was some evidence of differing growth rates from various 
areas. Christmas and Waller (1973) collected individuals less than 
38 mm TL in March, April, and May in Mississippi estuaries. Young 
fish from 17-40 mm TL were caught in Aransas Bay, Texas during 
December, February, March, and April (Gunter 1945) . The youngest 
fish measured were 80 mm TL in May, with the lower size limit 
increasing rapidly during summer.

Powell and Schwartz (1977) reported 130 mm TL southern 
flounder by December of the first year while Hawkins (1982) found 
60-160 mm TL fish in October and November. Their age/growth 
observations indicated 90-100 mm TL fish taken in spring were 
probably slow growing age I juveniles recruited the previous year. 
Laska (1973) reported that by May, young flounder from near 
Chandeleur Island, Louisiana had attained 55 mm TL, and one 
specimen of 88 mm TL was measured in June. Manooch (1984) 
indicated two-year old southern flounder averaged 365 mm TL, or 
14.4", indicating an annual growth rate of approximately 182 mm TL, 
slightly greater than reported by previous authors. Etzold and

27



SOUTHERN FLOUNDER January 30, 1997

Christmas (1979) stated that age II fish were 230 mm (9.0" SL) , age 
III 340 mm (13.3" SL) and age IV 480 mm (18.8" SL) . Based on 
multiple tag recaptures of five southern flounder (mean length 271 
mm), Wenner et al. (1990) estimated growth rate of 0.17 mm/day.

In January, Wenner et a l . (1990) found newly recruited YOY 
were 1 cm in length and ranged between 20-130 cm by May according 
to modes of progressive monthly histograms. Analysis of otoliths 
confirmed YOY grew to 170 mm in June, averaging 210 mm by November. 
A significant difference in growth rates was noted between males 
and females at ages I and II. By December, male YOY averaged 263 
mm and females 330 mm. On an annual basis, age II females averaged 
100 mm longer than males. Growth rates declined in males after age 
II with few individuals found greater than 350 mm and none older 
than age III. Rapid growth of females continued through ages III- 
V. Age/growth work reported by Wenner et al. (1990) is summarized 
in Tables 9-11.

Ageing techniques include length/frequency, dorsal and anal 
fin ray count, and use of scales and hard parts (otoliths and 
vertebrae) which have been used either as whole or sectioned 
specimens. Palko (1984) determined scales were an unacceptable 
method of ageing fish while vertebrae and otoliths met the required 
criteria for ageing structure. Music and Pafford (1984) used 
scales and otoliths to age southern flounder and found scale annuli 
formed once annually. Nall (1979) and Stokes (1977) each described 
opaque growth rings of otoliths and thought one was formed 
annually. Nall (1979) suggested a transition to a benthic life 
following metamorphosis might account for the first annulus 
formation. Wenner et al. (1990) used length frequency and marginal 
increment analysis of whole left sagittal otolith to age southern 
flounder. Annulus deposition began in January and was completed by 
April in most YOY. One translucent and one opaque ring were formed 
annually and were determined suitable for age estimates. They 
identified four age classes (0-III) for males and eight age classes 
(0-VII) for females.

Stokes (1977) reported that males exhibited slower growth than 
females and did not exceed 320 mm TL. He found males and females 
of equal size had comparable weights, although when comparing equal 
age fish, females were larger than males. His data indicated five 
age classes of females (to 620 mm TL) and three age classes of 
males. Music and Pafford (1984) estimated mean daily growth in 
millimeters by sex at ages I-VI. Growth of males at age I-III was 
0.33, 0.34, and 0.27, respectively. Female growth at age I-VI was 
0.47, 0.44, 0.35, 0.34, 0.06, and 0.21, respectively. When sexes 
were combined, average daily growth rate at age I = 0.43, age II = 
0.44, and age III = 0.34. Nall (1979) compared back-calculated 
lengths and means to a theoretical growth curve (Figure 9). His 
back-calculated average SL of combined sexes by age are presented
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in Table 12. In Mississippi, Etzold and Christmas (1979) reported 
larger sizes at age II (230 mm), age III (340), and age IV (480 
mm). Nall's (1979) calculated Von Bertalanffy growth model [SLt = 
1461 (l-e"'0308̂ "1-86291) ] predicted a theoretical maximum age of twenty 
years and a maximum SL of 1461 mm; he projected a 9-10 year maximum 
life span and suggested growth was limited by life span and not by 
maximum size. Nall (1979) and Music and Pafford (1984) described 
growth of southern flounder as isometric, where weight increased 
directly with length (Figure 10).

Nall's (1979) length-weight relationship for 175 fish (sexes 
combined) is presented in Figure 11. He reported log 
W = -4.9176 + 3.0984 log L and computed a SL/TL linear regression 
as: SL = 5.3449 + .8208 TL for summer-caught fish. Conversion of 
TL to SL can be accomplished by subtracting 17% of total body 
length for Paralichthvs (Gilbert 1986). Music and Pafford's (1984) 
length-weight relationship (Figure 10) and equation for 233 fish 
(combined sexes) was log W = 3.091 log L - 5.157. They also 
determined an equation for females (log W = 2.970 log L - 4.844) 
and males (log W = 2.984 log L - 4.893). Their length/age 
relationship is presented in Figure 12.

The oldest fish collected by Nall (1979) was reported to be 
ten years (402 mm SL). Stokes (1977) reported collecting five age 
classes of females and three age classes of males from Texas 
waters. The oldest fish collected by Music and Pafford (1984) from 
Georgia waters were an age VI female and an age III male. The 
largest recorded fish reported by Ginsburg (1952) was 762 mm TL. 
Wolff (1977) identified no southern flounder in excess of 405 mm 
and few males longer than 355 mm. Nall's (1979) length frequency 
histogram is provided in Figure 13. According to Ross (1982), most 
flounder encountered in autumn averaged approximately 400 mm 
(Figure 14). This is fairly consistent with all reported data 
relative to average sizes of southern flounder one would expect to 
encounter in bay/sound areas.

Stokes (1977) also reported recently spawned (postlarval) 
southern flounder were not collected from low salinity (10-12 ppt) 
areas until March, or approximately one to two months later than 
nearshore areas. Distance from the spawning site was also a 
factor, and could have been the major contributor.

Stickney and White (1974a) reported southern flounder may not 
be physiologically adapted to lower salinities until late 
postlarval size. Higher salinities were also indicated to be 
advantageous to rapid growth and larger sizes of postlarval 
southern flounder when food supply, temperature, and light were 
controlled (Deubler 1960) .

Some researchers have questioned the validity and reliability
29



SOUTHERN FLOUNDER January 30, 1997

of ageing techniques; Gilbert (1986) in his review of age/growth 
studies of Paralichthvs noted analysis of animal size classes was 
of limited value due to "...variable individual growth rates and 
protracted spawning seasons".

2.8 Food Habits/Predator-Prey Relationships
Wagner (1973) described southern flounder as an estuarine- 
dependent carnivore at the top of the food chain. Early life 
stages reportedly fed primarily on plankton in Mississippi (Gilbert 
1986; Etzold and Christmas 1979), and young southern flounder fed 
on bottom invertebrates in Lake Pontchartrain, Louisiana (Darnell 
1958). Stokes (1977) also found smaller fish (10-150 mm TL) fed 
primarily upon mysids. Overstreet and Heard (1982) concurred,
specifically identifying the dominant mysid as Mvsidopsis almvra. 
Stokes (1973) found larvae ate various forms of zooplankton, while 
juveniles fed largely on shrimp, crabs, menhaden, croaker, and 
other flounder. Older juveniles actively fed day and night.

Minello et al. (1989) termed this species an "ambush 
predator". Music and Pafford (1984) also believed it exhibited a 
"lay and wait" feeding behavior. A characteristic feeding activity 
was described as a "normal burrowing pattern" by Henderson-Arzapalo - 
et al. (1988). In aquarium experiments, southern flounder (84-94 
mm TL) exhibited various patterns of feeding behavior, including 
active searching on the bottom and in the water column (Minello et 
al. 1987). 011a et al. (1972) described the "prey stalking"
behavior for summer flounder £. dentatus; similar behavior should 
be exhibited by the related southern flounder. Minello et al. 
(1987) stated that normally the fish remained motionless and waited 
for prey to come within striking distance before attacking. They 
noted that stalking activity was accompanied by active eye 
movements, tracking potential prey, supporting DeGroot (1971) who 
classified bothid flounders primarily as visual feeders. In an 
unpublished study of diel feeding periodicity summarized by Minello 
et al. (1987), southern flounder were found to feed at night in the 
absence of light, suggesting that other sensory mechanisms may also 
be used in prey detection.

Stokes (1973) noted older juveniles and adults fed actively 
day and night; they fed on shrimp during both periods with mean 
predation rates highest during afternoon hours. Smaller flounder 
consumed approximately 7.6% of their live weight, while larger fish 
ate about 4.0% of their live weight each day. They fed on shrimp 
until the prey reached 33-50% of the total length of the predator 
(Minello et al. 1989). Minello et al. (1987) noted an increase in 
the predation rate on brown shrimp in turbid water and suggested it 
was related to feeding tactics of the predator and prey behavior.
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Feeding activity was greatest at water temperatures of 16-25© C, 
during the three day period following a first quarter moon, and the 
three day period prior to a new moon (Music and Pafford 1984) . 
Wright et al. (1993) noted predation by southern flounder 
significantly modified the size structure of the prey fish 
assemblage in an experimental pond. They reported that flounder 
responded to an increase in prey density by an increase in 
consumption rate. This type of response typically rises at a 
continually decreasing rate. Instantaneous daily growth rates were 
determined to be 0.012 g-g'1 day'1 for small flounder (216 mm SL) and 
0.0052 g-g'1 day'1 for large flounder (268 mm SL) .

Southern flounder consume a wide variety of food items (Table 
13). With growth, fish become the major component of the diet 
(Stokes 1977; Powell and Schwartz 1979; Smith 1981). Overstreet 
and Heard (1982) also noted fish were consumed more frequently by 
large individuals, occurring more often in the diet during spring 
and summer. Minello et al. (1989) reported southern flounder as 
the dominant fish predator on brown shrimp during spring in 
Galveston Bay. In Mississippi Sound, flounder stomachs most 
frequently contained fish with approximately one third containing 
penaeid shrimp from spring through autumn (Overstreet and Heard 
1982). When penaeid shrimp availability was low in winter, they 
were replaced by mysids. Bay anchovy (Anchoa mitchilli)dominated 
the fish prey species. Unpublished LDWF data indicate that 40% of 
collected flounder had empty stomachs. Of the remainder, fish 
remains were found in 19.8% of stomachs, followed in decreasing 
order of abundance by white shrimp (8.8%), blue crab (8.2%), and 
brown shrimp (7.0%). In Texas waters, Stokes (1977) listed the 
common prey found in fish over 150 mm as: Anchoa. Muail. Penaeus. 
Brevoortia. and Atlantic croaker (Micronoaonias undulatus). In 
Lake Pontchartrain, Louisiana, Darnell (1958) reported 89% of the 
food volume in stomachs were fish, with Anchoa mitchilli diaohana 
making up 41% of that total. Studying the same lake, Levine (1980) 
also noted the prevalence of anchovy in stomach contents. Fox and 
White (1969) reported approximately 94% (by volume) of stomachs 
from Barataria Bay, Louisiana contained juvenile striped mullet 
(Muail cephalus) and anchovies.

As southern flounder grew they consumed more prey individuals 
of the same size class, rather than using larger food items (Fox 
and White 1969) . They found the same type of diet irrespective of 
an increase in size and attributed it to seasonal availability of 
food in the bay system. Darnell (1958) also stated the relative 
percentage of food utilized from one environment to another may be 
related to seasonal availability rather than prey selectivity. 
However, Rice and Crowder (1993) found a size-dependent predation 
rate between spot and southern flounder in North Carolina pond 
studies in which small flounder fed on small spot and larger 
flounder fed on larger spot. When small and large flounder were
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mixed, large spot survival rate was 2.4 times greater because the 
smaller spot were preyed on more heavily. In South Carolina Wenner 
et al. (1990) described ontogenetic changes in southern flounder 
diet for four major prey species. Primary decapod crustaceans 
utilized for food were palaemonid shrimp while more important fish 
species included mummichog (Fundulus heteroclitus). spot 
(Leiostomus xanthurus). and striped mullet. As size class 
increased, striped mullet became the most important prey species.
2«9 Environmental Tolerance and Habitat Requirements

Enge and Mulholland (1985) summarized environmental tolerances 
and habitat requirements for southern flounder in the process of 
developing a habitat suitability index for the species. Within 
estuaries, Music and Pafford (1984) reported southern flounder at 
all depths including shallow flats where they were common, 
especially during flood tides. Nall (1979) also reported them as 
common in shallow waters. In a Texas bay, Stokes (1977) noted 
catch of this species highest in winter within and along the edges 
of the Gulf Intracoastal Waterway.

In offshore waters, Darnell (1985) found the species at depths 
of 7-99 m, being more widespread and abundant in nearshore shelf 
waters. Southern flounder were found regularly in depths of at 
least 47.6 m (26 fm) by Hildebrand (1954) . A fall SEAMAP 
(Southeast Area Monitoring and Assessment Program) survey for the 
Gulf of Mexico indicated more southern flounder occurred in deeper 
Gulf waters to 109.7 m (60 fm) than at 27.4 m (15 fm) or less 
(Sanders et al. 1990). Juveniles were most abundant in aquatic 
vegetation filled shallows, over mud bottoms, even moving to fresh 
water for short periods (Gunter 1945, Ferret et al. 1971, Dahlberg 
1972, Swingle and Bland 1974, Hoese and Moore 1977, Yerger 1977, 
Etzold and Christmas 1979, Epperly 1984, and Rogers et a l . 1984).

Physiological adaption to salinity appeared to change 
seasonally and with age (Stickney and White 1974a) . Shallow marsh 
lakes and blind bayous were believed to be prime habitat for early 
immigrating southern flounder in a Texas river delta (Conner and 
Truesdale 1972). Rozas and Hackney (1974) noted that the 
oligohaline estuarine intertidal habitat is an important nursery 
area for some euryhaline transient species during postlarval and 
juvenile development, although residence time is relatively short. 
They proposed that young of these species used other areas for 
further development. Rogers et al. (1984) found that an abundance 
of "southern flounder recruits used shallow nursery areas on a size- 
specific basis. They suggested fish moved toward deeper, more 
saline waters as size increased.

Powell and Schwartz (1977) believed benthic substrate and 
salinity to be the two most important factors affecting
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paralichthid distribution. Southern flounder preferred muddy 
substrates and were relatively abundant in areas where the 
substrate was composed of silt and clay sediments. Where sand 
substrates predominated, these flounder were relatively scarce. 
Nall (1979) also suggested abundance of southern flounder within 
its range was determined by bottom type, as it was found more 
commonly in the normally muddy western gulf. This preference for 
muddy substrates was also indicated by Hoese and Moore (1977) , 
Randall and Vergara (1978), Etzold and Christmas (1979), and Phalen 
et al. (1989). Postulated benefits of this particular environment 
included ease of concealment from predators beneath the sediment 
surface while awaiting prey (Music and Pafford 1984) .

Powell (1974) and Powell and Schwartz (1977) found a 
difference in spatial distribution between southern and summer 
flounders relative to salinity. In areas less than 12 ppt, 
southern flounder dominated; as salinity increased, summer flounder 
replaced them in North Carolina estuaries. In areas of comparable 
salinity, differences in distribution between the two species were 
related to substrate with summer flounder in sandier and deeper 
habitats (Powell and Schwartz 1977).

Use of more inland, less saline areas during recruitment was 
followed by movement to more saline areas with growth (Rogers et 
al. 1984). Simmons (1957) reported this fish in 60 ppt salinities, 
though sharply limited in distribution above 45 ppt. Generally, 
preference appears to be within a 5.0 to 20.0 ppt range, as 
indicated by Gunter (1945), Williams and Deubler (1968), Tarver and 
Savoie (1976), and Epperly (1984). Effects of salinity on advanced 
postlarval southern flounder indicate a preference of 5-15 ppt and 
suggest a physiological adaptation to a seasonal distribution 
pattern which appears to change seasonally and with age (Stickney 
and White 1974a). White and Stickney (1973) also reported a change 
in optimum salinity with age. Adults sought high salinity waters 
in winter and returned inshore the following season (Stickney and 
White 1974a). Stokes (1977) believed older males possibly remained 
offshore and failed to return to the bays.

Deubler (1960), Deubler and White (1962), and Peters and 
Angelovic (1971) reported faster growth at higher salinities. This 
characteristic was further examined in lab studies and by stocking 
this species into freshwater lakes.

Lasswell et al. (1977) acclimated newly metamorphosed southern 
flounder from 28-32 ppt into fresh water (<1 ppt) within a three 
hour period and achieved 100% survival. They reported rapid growth 
of fish stocked into freshwater lakes (1.5 kg/year) and noted a 14- 
month old fish weighing 2.0 kg.

Live specimens have been collected in a wide range of
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salinities (0.0-60.0 ppt) and temperatures (5.0-34.9° C) (Table 
14). Based upon preliminary results, White and Stickney (1973) 
found temperatures of 30° C and above retarded growth and increased 
mortalities while temperatures below 20° C reduced growth. They 
believed the optimum temperature was within the 20-30° c range. In 
North Carolina, Prentice (1989) noted young southern flounder could 
tolerate temperatures to 2° C with little temperature related 
mortality. In South Carolina, Wenner et al. (1990) found juvenile 
southern flounder in temperatures of 7.2-30.8° C and salinities of 
0.8-34.8 ppt.

Postlarval £. lethostioma also seek lower salinity water in 
the spring, summer, and fall, returning to more saline waters in 
winter as they approach age I. Wenner et al. (1990) found little 
growth in shallow marsh habitats from January through March in 
South Carolina. As water temperatures warmed to 20° C in May, 
growth rate and average size accelerated. White and Stickney
(1973) found water temperatures below 20° C and above 30° C to 
retard growth and suggested the optimum was within the 20-30° C 
range. Deubler (1960) and Deubler and White (1962) noted better 
postlarvae growth at cooler temperatures and higher salinities (30 
ppt) . Stickney and White (1974a) thought lower salinity waters 
would stress younger fish less, resulting in lower mortality and 
better growth. Hickman's (1968) data supports this hypothesis , 
insofar as movement to suitable salinities maximized conversion 
efficiency, resulting in better growth. In laboratory experiments, 
Peters (1971) and Peters and Angelovic (1971) found juvenile 
southern flounder grew best at low salinities and high 
temperatures. Stickney and White (1974a) reported advanced 
postlarval fish preferred lower salinities (5-15 ppt) and proposed 
the physiological adaptation to salinity which changes seasonally 
and with age might relate to migration. As temperature and 
salinity influence food conversion of southern flounder, the 
seasonal migration pattern of this fish maintains it in salinities 
that maximize conversion efficiency and growth, provided there is 
sufficient availability of food (Peters and Kjelson 1975) . Hickman 
(1968) found osmoregulatory processes responsible for this 
response, as reported by Peters and Kjelson (1975).

Stokes (1977) reported southern flounder recruited to Texas 
bays at water temperatures as low as 13.8° C, but occurred more 
frequently at 16.0-16.2° C. In association, he found adult 
flounder to first immigrate from the Gulf of Mexico during April
(1974) or February (1975). Numbers of fish gradually increased 
through June of each year.

Emigration of adults was associated with temperature declines 
of 4-5° C. Mass emigration in response to colder water temperature 
has also been reported by other researchers, while Deubler and 
Posner (1963) found southern flounder retreated from water 
temperatures greater than 25.3° C.
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Little information has been reported on acceptable or 
preferred dissolved oxygen levels, although Burden (1978) collected 
fish from 4.0-10.5 ppm. Deubler and Posner (1963) found P . 
lethostioma postlarvae to actively migrate from areas where 
dissolved oxygen was below 3.7 parts per million (ppm). This 
response was the same, regardless of temperature. They also 
reported postlarvae to retreat from water temperatures over 25.3° 
C.

Stokes (1977) noted a nocturnal relationship of southern 
flounder distribution with the presence of cordgrass (Soartina 
alterniflora) and that juveniles were most abundant in spring near 
dense patches of shoal grass (Diolanthera wriahtii).

Juvenile southern flounder density was found to be equal in 
vegetated and non-vegetated areas (Minello et al. 1989). Predation 
rates by southern flounder were affected by substrate and water 
clarity (Minello et al. 1987). They do not appear to select for 
either Soartina alterniflora or non-vegetated substrates (Zimmerman 
et al. 1984).

Southern flounder larvae evidently are more light sensitive 
than other common species, exhibit somewhat different diurnal 
behavior, and may be better able to detect dyed nets, as Weinstein 
et al. (1980) found numbers of larvae collected at night exceeded 
those taken during daylight. They also found a tidal response 
exhibited by larvae in that all three species of Paraliohthvs 
apparently settled to the bottom during ebb tide and rose to the 
surface during flood tide, resulting in a net landward transport. 
This characteristic was thought to enhance the ability of larval 
stages to penetrate fresh water streams.

2.10 Parasitology and Pathology
All fish harbor disease organisms and the potential for 

outbreak of disease always exists, especially following periods of 
stress (White and Stickney 1973). Currently there is no evidence 
of any parasite or disease known to occur in flounder which is a 
threat to humans (Etzold and Christmas 1979).
2.10.1 Ectoparasites

Ectoparasites are fairly common on southern flounder; stress 
or even death can result from the presence of large numbers of 
these organisms (Etzold and Christmas 1979) . Some species of 
parasites show species selectivity. Williams (1979) reported a 
parasitic leech (Mvzobdella luaubris) from the pectoral fin of a 
flounder from the Mobile Bay region. Overstreet (1978) reported 
the presence of a non-permanently attached transparent copepod
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(Callous praetextus) on southern flounder. Argulids, commonly 
called "fish lice" can also cause host damage. Aroulus flavescens 
commonly infests the skin of southern flounder and may appear as 
small colored dots (Overstreet 1978) .
2.10.2 Endoparasites/Disease

Piscine trypanosomes rarely cause disease; transmission into 
the hosts' bloodstream is by feeding leeches. Overstreet (1978) 
noted the trypanosome (Trypanoplasma bullocki) in blood of southern 
flounder and listed it as the most common blood flagellate in 
Mississippi estuaries. Related parasitic sporozoans 
(hemogregarines) that infect peripheral red blood corpuscles were 
more prevalent than trypanosomes in fishes from this area and one 
(Haemoareaarina platessae) was thought to be transmitted by the 
same leech responsible for trypanosome transmission.

Philometrid nematodes were also found to infect southern 
flounder (Overstreet 1978) . Members of this group appear reddish 
and release live larvae rather than eggs. They appear in a variety 
of locations on and in the host including body cavity, gonads, 
subdermally, in musculature, and between fin rays. Overstreet and 
Edwards (1976) described two benign pseudoencapsulated mesenchymal 
tumors beneath the gular membrane of a southern flounder and 
attributed them to the presence of a philometrid nematode or a 
didymozoid trematode.
2.10.3 Pollution/Stress and Related Syndromes

Christmas (1973) thought coastal population growth and 
industrial pollution exceeded the assimilative capacity of some 
Mississippi estuaries and was partly responsible for fish kills 
along its coast. A detailed review of parasites and diseases 
relative to polluted habitats was presented by Overstreet and Howse 
(1977). Sindermann (1979) gave an in depth review of pollution- 
associated diseases and abnormalities and the relationship of 
disease and environmental stress. Sindermann (1979) cited 
pollution and habitat degradation associated with cases of 
vibriosus and fin erosion in summer flounder.

Overstreet and Howse (1977) believed " fin rot syndrome" 
described several non-specific lesions on southern flounder, 
usually found on fins and commonly hemorrhagic. They estimated 
lesions occurred on approximately 10% of southern flounder during 
summer months and 5% on an annual basis. They believed at least 
some of the lesions could be attributed to pollutants.

"Pollutants can affect animals directly by causing acute to 
chronic diseases or they can affect the animals indirectly by 
stressing them and thus allowing them to be vulnerable to parasites
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or other disease agents, forming synergistic or other-type 
relationships between the pollutant and another chemical or 
disease-causing agent, permitting predators to become affected by 
feeding on exposed animals, or destroying the environment so that 
animals can no longer live, grow, or reproduce" (Overstreet and 
Howse 1977).
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3.0 DESCRIPTION OF THE FISHERY
In some areas of the Gulf of Mexico several species of 

flatfishes are substantial components of the "flounder" fishery. 
The southern flounder and gulf flounder are the dominant flounders 
in commercial and recreational landings for the Gulf of Mexico. 
However in Louisiana the recreational and commercial harvest are 
dominated by southern flounder.

Flounder are not one of the most important fish species 
harvested by the commercial fishery in the Gulf of Mexico, based on 
pounds landed and value. However, the relative importance of 
"flounder" in commercial catches has increased substantially in 
comparison to most other commercially important marine food fishes 
in south Florida (Gilbert 1986) . This increase in landings 
occurred primarily in the Southeastern U.S., but also to a lesser 
degree in the Gulf of Mexico.

Flounder are not a primary target species of most recreational 
anglers as summarized in Marine Recreational Fishery Statistics 
Survey (MRFSS) reports (Table 15)(U.S. Department of Commerce 1980- 
1996). Only 1.6% of recreational anglers surveyed from 1979-1986 
identified flounder as their primary target species. However 
southern flounder are among the most common species listed as 
second, or especially third preference in creel or mail surveys 
(Adkins et al. 1990, U.S. Department of Commerce 1980-1996, Kelso, 
et al. 1991, 1992, 1994) .

Although not harvested in the large quantities recorded for 
some other popular commercial and recreational species, flounder 
are still an important part of the Gulf and south Atlantic 
fisheries, primarily due to excellent quality as a food fish 
(Gilbert 1986). Numerous authors have indicated the importance of 
southern flounder, in particular, to both commercial and 
recreational fishermen (Kelley 1965; Franks et al. 1972; Christmas 
and Waller 1973; Jackson and Timmer 1976; Mcllwain 1978; Benson 
1982; Matlock 1982).
3.1 History of Exploitation

The southern flounder also is a valuable recreational species 
on the Gulf coast where it is harvested mainly by hook and line as 
well as gigs (Reagan and Wingo 1985) . Flounder gigging occurs 
mainly at night with fishermen wading in shallow water using a 
light to illuminate the bottom where fish are located and then 
gigged or speared. According to Warlen (1975) this technique has 
been used since the time of the ancient Greeks and Romans and could 
go back 10,000 years to a time when early man used spears for self 
protection, hunting, and fishing.
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In North Carolina, there is a directed nearshore winter trawl 
fishery which mainly harvests summer flounder; landings of southern 
flounder generally comprise 1% or less of this fishery (Ross 1991). 
Pound nets were introduced in North Carolina in the early 1870's 
(Wolff 1977) and are now utilized in an inshore fishery in which 
southern flounder predominates.

3.2 Commercial Fishery
Flounder are landed commercially on both the Atlantic and Gulf 

coasts. There are nearly two dozen species of flounder found in 
the Gulf of Mexico, most of which are caught by commercial shrimp 
trawlers (Shipp 1986; Reagan and Wingo 1985). The majority of 
these flounder are southern flounder. Florida has a minimum size 
limit on flatfish of 11", and Nall (1979) thought many were 
harvested before their first spawn. Texas has had a 12" minimum 
size limit for flounder entering the commercial market for many 
years; as a result, most southern flounder sold are females because 
males seldom reach this length. In a study conducted by Stokes 
(1977) during 1974-75, 74% of the Texas commercial flounder catch 
consisted of female southern flounder in their second and third 
years of life, 12" to 18" TL.

Flounder are also included in industrial bottomfish catches, 
although not a major component. Flounder are generally removed 
from these catches and sold separately, rather than leaving them in 
the groundfish catch which is sold as pet food or fish meal. Meal 
is normally used as a protein supplement in poultry feeds, or for 
crab bait. Christmas (1973) included southern flounder as an 
industrial bottomfish, and Roithmayr (1965) listed eight species of 
flounder in the family Bothidae which enter industrial bottomfish 
catches in the northern Gulf of Mexico. They included the 
southern, ocellated (Ancvloosetta cruadrocellatal , Mexican 
(Cvcloosetta chittendeni), fringed (Etroous crossotus), shoal 
(Svacium aunteri), dusky (Svacium papillosum), and gulf flounder, 
as well as the spotted whiff (CithaH chthvs marrops) . The main 
industrial bottomfish in the northern Gulf of Mexico include 
croaker, spot, sand and silver seatrout (Cvnoscion arenarius and £. 
nothus), cutlassfish (Trichiurus lenturus), sea catfish (Arius 
felis), and longspine porgy (Stenotomus caorinus). The overall 
catch also includes at least 170 additional species, of which 
southern flounder is not one of the more important representatives.

From 1965 through 1984 the pounds and value of flounder 
commercially landed in Louisiana were relatively stable. From 1985 
through 1994, Louisiana led other Gulf states in both pounds and 
value (Table 16) as landings declined in Texas, Alabama, and the 
west coast of Florida. The total pounds of flounder landed in the 
Gulf states has remained relatively stable for the 30 year period
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from 1965 through 1994, but value has increased by 88%. Changes in 
other fisheries also affect flounder harvest, as evidenced by a 
sharp increase in flounder landings in Texas during 1982 (Table 16) 
resulting from the prohibition of red drum and spotted seatrout 
sales in 1981 (Johns 1990). Simultaneous increases also occurred 
in sheepshead (Archosaraus probatoceohalus), black drum, and 
snapper (Lujanidae spp.) landings. By 1989, landings of flounder 
and sheepshead in Texas declined sharply; however, the combination 
of black drum, flounder, and snapper landings comprised 54% of all 
finfish landings and 61% of the total ex-vessel value for finfish.
3.2.1 Description of Fishing Activities

Gear types (butterfly nets, shrimp trawls, gill nets, trammel 
nets, handlines, longlines, purse seines, and haul seines) used to 
harvest southern flounder in Louisiana waters are basically the 
same as those used to commercially harvest black drum, sand 
seatrout, spotted seatrout, shrimp, and many other marine species. 
Shrimp trawls and gill nets account for over 96% of the commercial 
flounder harvest in Louisiana (Table 17). Although spears and/or 
spearing are normally associated with the harvest of flounder, no 
commercial landings for flounder attributed to this method has been 
reported in Louisiana for many years. Only barbless spears can be 
legally used to commercially or recreationally "gig" flounder in 
Louisiana waters. Historically, flounder were usually harvested 
commercially with spears, known as "gigging”, haul seines, trammel 
nets, gill nets, and to a lesser extent with shrimp trawls 
(Ginsburg 1952).

Pound nets are used to harvest southern flounder on the 
Atlantic coast, mainly in North Carolina. This gear has been in 
use in North Carolina since at least the early 1870's (Wolff 1977).

In South Carolina, most flounder landed commercially were 
taken as incidental catch in the shrimp trawl fishery (Smith 1981). 
Shrimp trawls are also the primary gear which harvest most 
commercially landed flounder in Louisiana. An average of 77.2% of 
flounder landed during the 10-year period from 1980 through 1989 
were caught in shrimp trawls (Table 17). In a diel trawling study 
done in Vermilion Bay, Louisiana, Dugas (1975) found 89% of 
southern flounder were caught at night. Based on a tank study 
conducted by Dugas (1975), they were more active at night, and as 
a result more vulnerable to trawling activity. Shrimp trawls used 
by Louisiana commercial fishermen are usually flat trawls, balloon 
trawls, or variations of these trawl types with two to four seams. 
They are referred to as mongoose trawls, scorpion trawls, tongue or 
bib trawls, semi-balloon trawls, and twin trawls, and range in size 
from 16 to 70 feet in cork-line length. Flounder caught in shrimp 
trawls are normally part of the incidental catch and are usually 
not targeted by trawlers.
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During the 10-year period from 1980 through 1989, gill nets 
and drift/runaround gill nets accounted for 19.3% of the Louisiana 
commercial flounder landings (Table 17).

Trammel nets are another popular gear used for harvesting 
commercial species. They are usually fished during cooler months 
in inshore waters or along beaches when many of the less desirable 
species such as sea catfish and pinfish (Laaodon rhomboides) have 
moved out of these areas. Trammel nets consist of at least three 
layers of webbing attached to a single corkline and a single 
leadline. The inner layer is a smaller mesh size than the two 
outside webbings. As fish come into contact with the smaller 
inside webbing it is forced through the larger meshed outside 
layers, forming a pocket in which the fish is entangled (Gresham 
1963) . Trammel nets are normally fished by one or two fishermen in 
small to moderate sized vessels up to 25 ft in length.

Handlines and longlines are normally fished in offshore 
waters. According to Gutherz et al. (1975), handlines are fished 
in waters from 20 - 39 fm near offshore oil platforms. Handlines 
employ a weighted cord with hooks spaced along its length and can 
be fished near the bottom or at whatever depth fish are 
encountered. They are usually operated by hand or with the use of 
downriggers.

Longlines may be up to one or two miles long and have several 
floats and weights attached periodically and hooks along its 
length. This gear is used to fish waters of any depth to 
approximately 180 fm, depending on what species you wish to catch 
(Horst and Bankston 1987). Methods of rigging and fishing 
handlines and longlines vary extensively among fishermen. Only a 
small percentage of commercially harvested flounder are landed 
using these methods, however.

Purse seines are used mainly in offshore waters to harvest 
large schools of fish. This net is used to surround a school of 
fish, and a purse line in the bottom of the net is drawn in to 
close the bottom of the net and prevent fish from escaping. Once 
the net is pursed and drawn down, the fish can be scooped out with 
large dip nets or pumped out mechanically. Purse seines are 
usually deployed from a large vessel of over 100 ft in length, 
assisted by smaller boats. Schools of fish are normally located by 
spotter plane pilots and the vessels directed to their location. 
Purse seines are a relatively insignificant gear used in the 
commercial harvest of flounder in Louisiana, as only 33 pounds were 
reported landed by this gear during the 10-year period between 1980 
through 1989 (Table 17) . Permits for use of purse seines in 
inshore waters of Louisiana have not been available since 1986.

Haul seines are another of the less important gear types used
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to commercially harvest flounder in Louisiana waters. They are 
used in inshore and near offshore waters to surround schools of 
fish to be harvested, and were also used in conjunction with 
spotter planes. They are usually deployed from small to medium 
sized boats and normally target species such as black drum and 
sheepshead (Luquet et al. 1996). Larger freight boats are 
sometimes used to haul catches to market. Seines used in Louisiana 
waters for the commercial harvest of saltwater fish were limited to 
1,200 ft in length. This gear is now prohibited in Louisiana 
waters, but may be used in the Exclusive Economic Zone (EEZ) if 
legally licensed and permitted.

Butterfly nets, also known as wing nets or paupiers (Louisiana 
French), generally harvest flounder incidental to the targeted 
shrimp catch. However, butterfly nets have been used to target 
flounder on ocassions when shrimp and other targeted species were 
less abundant and large flounder runs occurred, normally during the 
fall months of October and November. Butterfly nets are used 
mainly in bayous, channels, and passes to harvest shrimp along with 
incidental species during periods of strong falling tides and 
during declining temperatures and water levels. Butterfly nets are 
usually mounted on rectangular metal frames which form the mouth of 
the net which tapers back to the tail or cod end (Capone, Jr. 
1986) . The nets can be mounted on stationary platforms, boats or 
barges, and fished by anchoring in the current during a falling 
tide or may be pushed through the water using the vessel's engines. 
These nets mainly fish the upper water column and usually work best 
at night, on tides associated with lunar cycles, during cold front 
passage, and in turbid waters. From 1980 through 1989, butterfly 
nets were reported as comprising an average of 2.1% of the annual 
flounder harvest in Louisiana (Table 17).

Since 1988 a commercial gear license is required for flounder 
gigs and spears in Louisiana as well as other legal gear types not 
previously requiring a license. No resident commercial flounder 
gig licenses were sold in 1989, and a total of only 34 were sold 
for the five-year period 1990-1994.

The number of commercial licenses by gear sold to Louisiana 
commercial fishermen from 1980 through 1994 is shown in Table 18. 
Although these figures only represent the number of gear licenses 
sold to commercial fishermen, they indicate the amount of 
commercial effort occurring in Louisiana waters for targeted 
species. The southern flounder is a tasty part of the incidental 
catch associated with many of these activities.
3.2.2 Effort and Harvest

In Louisiana the majority of flounder landed commercially were 
harvested from inshore waters seaward to three nautical miles from
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shore (Table 19). This is not unexpected, as most shrimp trawling 
occurs in state waters. Flounder landings in the Gulf of Mexico 
have remained relatively stable after peaking in 1972, although the 
price per pound has increased significantly (Table 16). In 1916 
approximately 214,000 pounds of flounder were landed in Louisiana 
and were sold at 8%<= per pound. In 1972, 501,800 pounds were sold 
at approximately IS* per pound. By 1994, about 974,700 pounds 
valued at $1,278,000 were landed, averaging $1.31 per pound.

From 1965 through 1994 reported landings in Louisiana ranged 
from a low of 136,962 pounds in 1981 to a high of 974,700 pounds in 
1994 (Table 16) . The 30-year average commercial harvest for 
flounder was approximately 436,600 pounds, ranking Louisiana second 
among the five Gulf coast states. Alabama reported the greatest 
mean poundage landed during this period, while Mississippi averaged 
the least. Landings recorded by the National Marine Fisheries 
Service (NMFS) were combined for all flounder species; according to 
Reagan and Wingo (1985) the southern flounder probably predominates 
the Gulf states' flounder landings. Swingle (1976) reported over 
95% of the flounder harvested in Alabama were caught in shrimp 
trawls offshore with 4% to 5% taken with fish gigs and spears and 
only a negligible amount with gill and trammel nets.

In Louisiana most flounder are commercially landed during 
October, November, and December (Table 20) . This is due to the 
flounder's habit of moving into offshore areas as water 
temperatures decline and spawning begins during the fall and 
winter. As flounder become more active during this time they 
become more susceptible to being caught by shrimp trawls, gill 
nets, trammel nets, and butterfly nets. Catches by all these gear 
types increases significantly at this time (Table 21). Although 
catches peak during the fall, flounder composed a major component 
of the bycatch kept and sold from the commercial black drum gill 
net fishery in Louisiana during April, May, and June 1986 (Russell 
et al. 1986).

According to Stokes (1977) both the southern and gulf flounder 
are harvested commercially and recreationally in Texas waters, with 
southern flounder usually accounting for over 95% of the total 
catch. He advised that October and November were generally the 
months of peak catch in channels and passes when flounder move 
offshore to spawn. Christmas and Waller (1973) also indicated the 
importance of the southern flounder in Mississippi as a highly 
prized food fish sought by both commercial and sport fishermen and, 
due to its abundance in that area, dominating commercial and sport 
landings. Both Mississippi and Texas have reported commercial 
harvest of flounder by gigs. Southern flounder retained as bycatch 
in the Texas commercial shrimp trawl fleet ranged in size from 3.2" 
to 15.2" TL in samples taken during April-November 1978 (Matlock 
1982). Matlock (1982) also found most of the southern flounder
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caught by commercial shrimp trawlers in Texas bays were juvenile 
fish. He estimated the mean catch rate for southern flounder at
5.3 ± 1.0 fish/hour with no significant difference in the catch 
rate during the eight month sampling period. Of the ten species of 
flatfishes caught, only southern flounder, bay whiff fCitharichthys 
spilopterus), ocellated flounder, and blackcheek tonguefish 
(Svmohurus plaaiusa) were caught in all bay systems at least once 
during the sampling period with southern flounder occurring most 
often (78.7% of the time).

Trammel nets have historically been used in Texas to monitor 
primarily five species of fish: southern flounder, black drum, red 
drum, sheepshead, and spotted seatrout (Matlock 1985). During the 
period October 1977 through April 1980, a total of 1,388 southern 
flounder ranging in size from 105 mm (4.1") to 655 mm (25.8"), 
averaging 310 mm (12.2"), were caught (Matlock 1985).

According to Biro (1991), North Carolina led the Atlantic 
coast in flounder landings in 1990, with 4.5 million pounds of 
summer flounder and three million pounds of southern flounder. In 
contrast, the total commercial landings of southern flounder in all 
five Gulf states during 1990 was only 715,700 pounds. She also 
indicated there is a growing demand by the Japanese for live 
southern flounder utilized as sushi. She reported commercial 
landings for summer flounder decreased by 40% and recreational 
landings for southern flounder decreased by almost 90% from 1988 to 
1989. She stated some federal officials as well as some fishermen 
claim that reduction in summer flounder catch was mainly due to 
overfishing because of the high prices being paid for fish. 
According to Biro (1991), flounder are the third most valuable fish 
landed in North Carolina, following menhaden (Brevoortia tvrannus) 
and grey trout or weakfish (Cvnoscion reoalis). Epperly (1984) 
found some of the gear types used to harvest southern flounder in 
North Carolina included pound nets, gill nets, crab trawls, haul 
seines, and to a lesser degree, winter trawls. Phalen et al. 
(1989), in a study comparing two trawls used for monitoring 
juvenile fish abundance in North Carolina, found that a heavily 
chained trawl caught southern flounder at a much greater rate than 
an unmodified net and that it also caught smaller individuals. 
They found that heavily chained trawls used over muddy substrates 
preferred by small southern flounder yielded much better juvenile 
indices than regular trawls. They did not discuss possible 
commercial use of this gear, however.
3.3 Recreational Fishery

Southern flounder are a very popular recreational species 
because of the quality of the flesh and the challenge of the 
activity. Being euryhaline, catches of southern flounder are 
generally high along beaches and barrier islands, inshore lakes and
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bays, and even in some freshwater areas. Most of the major sport 
fishes caught in Louisiana waters . are estuarine dependent, 
including the southern flounder (Wagner 1973). According to 
Adkins et al. (1990) southern flounder, along with the Atlantic 
croaker, black drum, sheepshead, hardhead catfish, red drum, 
spotted seatrout, and ladyfish (Elops saurus) were among the 
marine/estuarine species caught by anglers during a 1984 Louisiana 
creel survey of recreational anglers. Primarily targeted species 
included spotted seatrout, red drum, mackerels, and snappers; 
seldom southern flounder. Less than 1% of anglers interviewed 
expressed a preference for southern flounder as a targeted species. 
A 1993 survey indicated that they ranked third in angler preference 
when caught, following spotted seatrout and red drum, which ranked 
first and second respectively (Kelso et al. 1994) .

Southern flounder ranked ninth in percent composition of the 
81 total species caught by recreational anglers (Adkins et al. 
1990). They were surpassed by red drum, hardhead catfish, spotted 
seatrout, "white" seatrout (combined £. arenarius and £• nothus), 
Atlantic croaker, sheepshead, black drum, and largemouth bass 
(Micronterus salmoides). These species accounted for over 90% of 
the catch. During the survey, southern flounder, when caught, were 
kept more than 85% of the time. Also, the peak catch of flounder 
with rod and reel was recorded from September through November. 
Jackson and Timmer (1976) suggested October and November were also 
the best months for flounder gigging. Duffy (1977) , while 
discussing flounder gigging on Grand Isle, Louisiana, suggested 
that the peak flounder run may begin in June and last for four 
months with the best fishing in July, August, and September. 
Recreational and commercial gig fishing in North Carolina generally 
occurred from August through December depending on weather 
conditions (Wolff 1977) . According to Swingle (1976), 57% of the 
total sport catch of flounder from 1965-75 in Alabama was taken by 
gigging in shallow bays at night.

In Texas, private boat fishermen catching southern flounder 
along with sand seatrout, Atlantic croaker, and red drum accounted 
for 45% of landings in bay systems (Maddux et al. 1989) . As in 
Louisiana, two good months for flounder gigging in Texas were 
October and November (Stokes 1977) .

Experiments in Texas (Henderson 1972) dealt with distribution 
of this species in fresh water reservoirs as a benefit to 
recreational fishermen. These fish generally exhibited growth and 
condition patterns at least equal to their counterparts in marine 
waters. They were found to be adaptable to this environment, and 
well received by the fishing public.

3.3.1 Description of Fishing Activities
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Most recreational fishermen harvest flounder with rods and 
reels or flounder gigs. In Louisiana, peak catches occurred during 
September, October, and November with an average size of 345 mm 
(13.6") recorded (Adkins et al. 1990). A similar study in 
Barataria Bay, Louisiana revealed the most productive baits used 
included live bait, dead/cut bait and a combination of artificial 
and dead/cut baits (Guillory and Hutton 1990). Small artificial 
grubs are commonly fished near the bottom or jigged around pilings, 
bulkheads, piers, and rock jetties to catch flounder. Barrier 
islands are also highly productive areas for flounder. Small 
spoons and plastic jigs fished over shallow sandy bottoms catch 
flounder buried in sand waiting to ambush their prey. In a survey 
of Georgia's coastal recreational fishery, the principal bait used 
to catch southern flounder was live shrimp (72%) followed by live 
minnows (16%), dead shrimp (8%), and artificial lures (4%) (Music 
and Pafford 1984). The survey also found that fish were the most 
frequently found food item in southern flounder stomachs and that 
most flounder fishermen preferred live mummichogs and small mullet 
as bait. Usually, the most productive fishing times are during ebb 
tides, which drain shallow flats and force prey species through 
channels into the surf zone and along beaches.

Probably the most commonly used gear for flounder fishing is 
the gig. This fishing method usually involves wading in shallow 
waters along a sandy beach or shoreline of a bay at night using a 
light to find flounder and spearing them. Warlen (1975) gave a 
comprehensive description of conditions and equipment necessary for 
a successful night of flounder gigging. Tide, wind, moon phase, 
water clarity, and bottom type can all play an important role in 
the success of flounder gigging. Duffy (1977) reported some 
fishermen believed the moon had little effect on flounder; it 
merely made moving about on the mud flats easier. Many fishermen 
disagree and believe a dark moon phase is best because flounder 
appear to be light adapted on moonlit nights and seem to swim about 
more and readily avoid approaching fishermen.

Historic light sources include pine knots which were 
eventually replaced by torches consisting of a burner on the end of 
a pipe protruding a few feet beyond the bow of a flat-bottomed 
skiff containing a kerosene tank for fuel (Hildebrand and Cable 
1930). Following this, Coleman lanterns or similar light sources 
were most often utilized, and remain very popular. They now share 
usage with portable lights generally powered by a six or 12 volt 
battery and a 50 to 100 watt bulb. Electric lanterns and 
flashlights which are too powerful emit a concentrated beam and 
cause reflection, as opposed to an equally distributed source of 
light which is more desirable for spotting flounder. At best, 
flounder are difficult to see while buried in the sandy mud bottom 
because of their camouflage coloration (Duffy 1977) .
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Flounder gigs range from a simple sawed-off mop handle with a 
sharpened nail in the end to an aluminum or steel rod sharpened at 
one end for stabbing the flounder. Often, a hole drilled at the 
opposite end allows attaching a stringer. The flounder can then be 
slid along the pole onto the string, minimizing loss. Although 
barbless gigs are required in Louisiana, other states allow the use 
of single or multi-pronged gigs which have barbs; multi-pronged 
gigs may cause more damage to fish but insure a better chance of 
catching your prey. Other vital equipment includes an old pair of 
tennis shoes or boots for walking over shells and bottom debris. 
Additionally, good eyesight to notice stingrays frequenting the 
same waterbottoms as flounder is necessary, as this fish can 
inflict a painful wound if encountered. A successful night of 
flounder gigging can produce 25 to 100 fish or more, especially 
during late summer to early fall (Duffy 1977).
3.3.2 Effort and Harvest

Texas and Louisiana have historically yielded the majority of 
southern flounder landed by marine recreational fishermen in the 
Gulf of Mexico. Southern and gulf flounders dominate the marine 
recreational catch of flounder in the Gulf of Mexico. Recreational 
landings of southern flounder and Gulf flounder are surpassed by 
the harvest of other flounder such as the summer and winter 
flounders (Pseudooleuronectes americanus) on the middle and north 
Atlantic coasts. Extensive recreational fisheries for these 
species occur in those regions (Table 22). Spotted seatrout and 
red drum are generally the most frequently targeted species in the 
Gulf of Mexico and, with higher species diversity available in this 
region, the southern flounder is not a dominant resource as are 
summer and winter flounders on the Atlantic coast.

The majority of all flounder landed in the Gulf region are 
harvested from inland waters and within three miles of the 
shoreline (Table 19) . In Louisiana, the majority of southern 
flounder were harvested from marsh and lake/bay areas: average 
sizes taken in those areas were 340 mm (13.4") and 363 mm (14.3"), 
respectively, with little variation in size on a monthly basis 
(Adkins et al. 1990). Recreational saltwater angling in Louisiana 
has steadily increased over the ten-year period from 1984-85 
through 1993-94 as reflected in numers of licenses sold (Table 23). 
There was a 62% increase in the number of resident recreational 
saltwater licenses sold during this period. The Louisiana Outdoor 
Writers Association official fish records for fresh and saltwater 
game fish in Louisiana lists a 12 pound 2 ounce record in the 
southern flounder category caught in February 1969 by Mr. Clarence 
Craig. The International Game Fish Association all-tackle world 
record southern flounder as of 1990 weighed 20 pounds 9 ounces and 
was caught by Larenza W. Mungin on December 23 1983 at Nassau 
Sound, Florida (Harry 1990) .
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3.4 Mariculture
Various researchers studied southern flounder under laboratory- 

conditions; Lasswell et al. (1978) successfully induced spawning of 
southern flounder by utilizing carp pituitary hormone. Arnold et 
al. (1977) regulated photoperiod and temperature to simulate 
seasonal variations which induced adult southern flounder to spawn 
(Table 5). Deubler (1960) experimented with the effects of 
salinity on growth of postlarval southern flounder. White and 
Stickney (1973) and Stickney and White (1974b) described some 
problems associated with flatfish rearing.

Since southern flounder adapt physiologically to salinity both 
seasonally and with age, rapid growth in an aquaculture operation 
could be expected if the proper salinity regimes were adjusted to 
meet optimum requirements (Stickney and White 1974a). They 
suggested postlarvae should be maintained at 25-30 ppt until they 
attained a weight of approximately 100 mg, then transferred to 
salinities of 5-15 ppt. Mortality did occur, but was not 
associated with any particular salinity although generally higher 
rates at higher salinities were recorded. White and Stickney 
(1973) stated flounder should be maintained at salinities of 5-20 
ppt and a constant temperature of approximately 25° C to provide 
rapid growth. The rearing site should also be free of pollutants. 
Lasswell et al. (1977) noted newly metamorphosed southern flounder 
acclimated from seawater to freshwater with no mortality, and 
exhibited rapid growth after stocking in fresh water. They 
concluded survival of this species in freshwater reservoirs should 
be high. Henderson (1972) considered southern flounder a hardy 
species for freshwater stockings and introduced fingerlings into 
freshwater reservoirs. Recaptured fish exhibited growth equal to 
or exceeding that recorded in coastal waters.

In lab studies, Lasswell et al. (1977) noted low fecundity and 
a low percentage of fertilization and hatching success, and did not 
recommend this species for mass culture, while Arnold et al. (1977) 
proved southern flounder could be successfully raised and 
maintained to fingerling size under laboratory conditions.

White and Stickney (1973) indicated the presence of a 
hierarchal structure in flatfish populations in early life. 
Hatchlings became dominant, maybe outcompeting smaller fish for a 
sufficient amount of food even at low stocking densities. They 
suggested food (and its presentation) and disease control as the 
two areas of major concern to all larval fish development. Decay 
of food remnants could promote bacterial and ammonia accumulation; 
being sight feeders, flounder must be trained to accept non-living 
food. Feeding of live brine shrimp (Artemia salina) to postlarvae 
and larvae could alleviate some of these problems. In preliminary 
aquaculture studies Stickney and White (1974b) described the
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presence of the viral disease "lymphocystis". Although not often 
fatal, the presence of whitish nodules on fins and body could 
reduce the individuals' marketability. This problem was seemingly 
solved by use of secondary tank filters and soft ultraviolet light 
sterilization. Another condition common to fish reared in 
fiberglass tanks lacking natural substrate was ambicoloration. 
This condition could also affect marketability.
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4.0 ECONOMICS

4.1 Economics of the Commercial Southern Flounder Fishery
An economic analysis of a commercial fishery involves dockside 

values, although dockside prices will not measure the total benefit 
of the fishery to society. Commercial fishermen may accept lower 
financial returns and more uncertain benefits to remain within 
their occupation. There may be other non-monetary values the 
fisherman receives, such as more freedom, aesthetic settings, 
wildlife seen while fishing, working outdoors; dockside value will 
not completely capture this value.

The total benefit to consumers of southern flounder is greater 
than a dockside price. Total benefits include the dockside price, 
any value added, and the willingness of some consumers to pay more 
than the market price. Value added is any processing or 
preparation of the fish. Some consumers would be willing to pay 
more for flounder than the market price because they derive more 
satisfaction from its consumption. Total benefits to the Louisiana 
economy would include all these items.

Dockside values are useful in trend analysis of the fishery. 
Economic data associated with Louisiana's commercial landings of 
southern flounder for 1980-94 is contained in Table 24. Landings 
have increased from slightly over 160,000 pounds in 1980 to over 
974,000 pounds in 1994. Further, price per pound has increased 
from $0.53 per pound in 1980 to $1.31 in 1994. The value of the 
southern flounder fishery in Louisiana was over one million dollars 
in 1994.

Information on annual landings, prices, and total value are 
shown graphically in Figures 15-17. The two graphs showing 
landings compare price trends, nominal and real. The effect of 
inflation on prices is removed by adjusting price by the consumer 
price index (base period of 1982-1984). Since 1980, the real price 
per pound for southern flounder has been steadily increasing.

As evident, the southern flounder fishery commands a 
relatively low percentage of the total value of Louisiana's 
commercial seafood industry. Since this fishery comprises a single 
component of Louisiana's commercial fishing sector, it is important 
to identify the change in commercial harvesting revenues that would 
be associated with a decline in commercial catches of southern 
flounder. Overall industry revenues may not decline 
proportionately with declining landings because commercial 
fishermen can often redirect efforts to other species. Thunberg et 
al. (1991) concluded that restrictions on red drum harvest led to 
only a moderate decline in revenues from Florida’s nearshore
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fishery because fishermen were able to redirect efforts to other 
nearshore species. They also found the ability to switch to other 
species was geographically dependent. Caution should be exercised 
when applying these results to Louisiana. Furthermore, ability to 
redirect commercial effort will become increasingly limited as 
additional restrictions are placed on more species.
4.2 E c o n o m i e s  o f  the Southern Flounder Recreational Fishery

Recreational fishing is a highly diverse activity and has 
economic value. Participants are seeking a recreational experience 
and are willing to pay more for this activity than it actually 
costs them. Households actually "produce" recreational trips by 
allocating their time, buying market services, and combining these 
with publicly provided natural resources (McConnell and Strand 
1994). The value of recreational fishing is variable across 
individuals and trips. It will depend on many conditions--the 
quality of fishing, the weather, the skill of the angler, etc.

There are two kinds of economic value for recreational 
fishing, one being the access value to a resource. Access pertains 
both to the overall opportunity for fishing and to the opportunity 
for fishing in specific locations. The value of access is what 
anglers would pay rather than do without or the amount they would 
accept in compensation for their loss of access. The second kind 
of economic value is the value of catching an additional fish. 
This is the amount an angler is willing to pay to catch more fish, 
larger fish, or more desirable fish. This amount will depend on 
many things, such as species sought, the time when fishing takes 
place, mode of fishing, weather, and environmental conditions.

Estimation of the value of a recreational fishery such as 
flounder involves the measure of species specific effort and 
expenses incurred. There have been several studies made to collect 
total numbers of recreational fishermen, percentage of fishermen 
targeting various species, average number of fishing trips per 
year, and expenditures per trip. Data from those studies have been 
highly variable among studies, even over the same time period. 
Conclusions drawn from those studies should therefore be viewed 
with caution.

Recreational fishing effort depends primarily upon the number 
of fishermen and number of trips per fisherman. Individual fishing 
effort is largely a function of expenses incurred in the activity 
and perceived benefits received from the activity. As costs rise 
and benefits remain the same, effort tends to decrease. Costs can 
increase through increased spending, in relation to other leisure 
activities, or as a fraction of disposable income. Anglers can 
receive both tangible and intangible benefits from fishing 
activities. Tangible benefits include the number or quality of
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fish caught. Intangible benefits can be enjoyment of the outdoors, 
change in routine, and companionship.

Fishing effort will continue as long as economic costs are not 
greater than angling satisfaction (or what economists call 
utility). Fishing net benefits (satisfaction minus costs) may 
decline due to satiation, declining catch per angler, congestion at 
favored locations, degradation of aesthetic value of trips, or from 
increased fishing costs.

Direct expenditures per trip for marine recreational anglers 
in Louisiana were estimated at $53 (Kelso et al. 1992), $64 
(Bertrand 1984), $75 (Kelso et al. 1991), and $133 (Titre et al. 
1988). Direct expenditures include spending for automotive and 
boat fuel, lodging, food and drinks, ice, boat launch fee, bait, 
and other expenses directly related to the trip. In addition to 
trip expenditures, anglers purchase equipment (boats, motors, 
trailers, vehicles) and specialty gear. This equipment is used for 
more than one trip and even over several years, and their cost 
needs to be allocated over time. Published annual estimates of 
these expenses vary widely depending on what is included: $698 (U. 
S. Fish and Wildlife Service 1993), $824 (Kelso et al. 1991), and 
$1108 (Kelso et al. 1992).

Bertrand (1984) estimated total annual expenditures by 
saltwater anglers in Louisiana as 180.6 million dollars. Estimates 
can also be calculated from other surveys. From a 1985 survey, the 
U. S. Fish and Wildlife Service (1988) estimated that Louisiana 
residents spent a total of $197 million on saltwater fishing 
expenses, including equipment and trip-related expenses. 
Nonresident anglers spent an estimated $37.6 million in trip- 
related expenses in Louisiana. To estimate total nonresident 
expenses, nonresident data was adjusted to include equipment 
expenses in the same proportion as resident spending, yielding 
total annual saltwater expenses of $210 million. From the next 
survey in 1991, the U. S. Fish and Wildlife Service (1993) 
estimated expenditures of $158.8 million by state residents on 
saltwater angling. If the ratio of nonresident to resident 
expenditures is the same as in 1985, then the total saltwater 
fishing expenditures would have been $167.7 million in 1995.

Direct expenditures for the fishing trip may be less than an 
angler would be willing to pay for the whole experience. The 
difference between costs of the trip and what the angler is willing 
to pay is called consumer's surplus. This is a measure of the 
value that an angler receives for benefits other than the fishing 
activity. Titre et al. (1988) found that the average recreational 
user would be willing to pay approximately $320 to $360 annually 
for the right to recreate in Louisiana wetlands under certain 
conditions of harvest, catch, and amenity situations. This $320 to
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$360 represents an estimate of the consumer's surplus and, when 
added to direct expenditures, provides a total economic value for 
an angler's trip.
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5.0 RESEARCH NEEDS

Research needs regarding southern flounder life history 
generally can be divided into two major categories: inshore and 
offshore aspects. Because of the life cycle, sexual maturity, 
spawning, and early life history are dependent upon, and 
accomplished in, offshore areas. Research should be undertaken 
relative to required spawning habitat, physiological requirements 
of the animal, fecundity, larval transport mechanisms, and early 
life history specifics such as food requirements.

Because inshore waters are utilized for late larval, juvenile, 
and subadult stages, research should be undertaken on food 
requirements, effects of loss of habitat due to coastal erosion, 
subsidence, and associated factors. Possible effects of an 
increased fishery on subsequent populations should also be 
investigated. Weight and/or length limits, seasons, and market 
conditions should be investigated for possible management 
implications.
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Distribution. Ginsburg (1952a:325) reported the range of 
Paralichthvs albioutta from Cape Lookout, North Carolina to Corpus 
Christi Pass, Texas. Subsequent records by Hildebrand (1954:292) 
from off Padre Island, Texas, and Simmons (1957:187), who found it 
"fairly common" in the upper Laguna Madre, extend its range in the 
western Gulf.

AUTHORITIES CITED

Norden 1966
Poole 1962:112
Reid 1954:1954:64
Roessler 1965:314
Simmons & Hoese 1959:74

D>L>A
(18,20)Springer & Woodburn, 1960:86 

Struhsaker, 1969:275 
Tabb & Manning, 1961:639
Vick 1964:51 0>L>A

D>L>A
D>L>A

U)
\  0>L>A

L>A(6,15)
U7)\ 
A>L 1 (5,22)

Figure 2 . Relative abundance of three commercially important 
species of Paralichthvs along the eastern and Gulf coasts 
of the United States. Numbers in parentheses refer to 
authorities cited. D = Paralichthvs dentatus. L - P. 
lethostioma. A = P. albioutta.
Source: Topp and Hoff (1972)
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rigure 6. Schematic of life cycle of Paralichthvs lethostioma (southern 
flounder).

Freshwater Estuarine Marine

JUVENILES  
ANO ADULTS 
(All Year)

-  LARVAE ANO 
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Source: Ward et al. (1980)
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figure 8 Conceptual model for Paralichthvs spp. larval retention mechanism 
based on response to photoperiod and tide.
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Source: Taken in part from Weinstein et al. (1980)
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means, ranges and ± 1 standard deviation of the lengths of 
Paralichthvs lethosticrma at capture. Vertical line represents the 
size range, horizontal line the mean, and the hollow bar ± 1 standard 
deviation.
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lethosticnna, collected in Glynn County, Georgia from January 1979 
through June 1982.
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Figure 11. Length-weight scattergram with fitted curve for Paralichthvs 
lethosticrma.
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liable 1 Standard length and meristic data for postlarvae of paralichthvs dentatus. lethostioma. and albioutta 
collected in North Carolina from December 1955 to April 1956 and December 1956 to April 1957.

Species
Standard Length Taken to the Nearest Millimeter

7 8 9 10 11 12 13 14 15 16 N M

dentatus
lethostigma
albigutta 5 35

2 6
39 105
30 1

15 25
59 8

89 12.4
217 10.2
71 8.4

Dorsal Rays

72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 N M

dentatus ----------  ----  1 2 -- 2 5 8 8 9 8 15 14 9 2 4 87 89.0
lethostigma ...... ...... 2 1 3 6 11 15 25 27 38 24 25 19 28 12 14 3 2 255 86.7
albigutta 2 1 3 4 9 6 10 3 6 3 2 - - - - - - - - - - - - - - - - -  -- -- -- -- 49 77.3

Anal Rays

53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 N M

dentatus -- -- - - - - - - - - - - - -  1 —  2 6 2 8 9 1 4 1 5 1 0  8 4 3 2 84 68.4
lethostigma .... .... ............ .. -- 4 18 19 39 61 39 36 28 26 8 1 2 281 67.8
albigutta 1 3 3 6 10 7 16 5 10 3 1 ----  ------- -------- 65 58.4

Thoracic Vertebrae Caudal Vertebrae

9 10 11 12 N M 26 27 28 29 30 31 N M

dentatus - 1 46 1 48 11.0 -- -- -- 1 32 15 48 30.3
lethostigma 1 37 1 39 10.0 1 34 3 1 —  —  39 27.1
albigutta 1 21 -- -- 25 10.0 1 17 7 -- -- 25 27.2

Total Vertebrae Gill Rakers on Outer Arch

36 37 38 39 40 41 42 N M 0 1 2  3 4 5 6 7 8 9 10 11 12 13 N M

dentatus ------- -- 1 32 15 48 41.3 6 - 1 - 2 - 2 2 3 2 1 1 1 1  22 5.6
lethostigma -- 35 4 -- -- -- -- 39 37.1 - - - - 2 4  11 7 4 - - - - -  28 6.2 
albigutta 1 18 6 ----------- 25 37.2 8 2 - 3 1 1 1 - - - - - -  - 16 1.6

Source: Deubler (1958)



Table 2. Characteristics for separating southern flounder, gulf flounder, and summer 
flounder.

Southern Flounder Gulf Flounder Summer Flounder

Lower gill rakers 8-12 8-12 11-19

Dorsal fin rays 81-94 75-82 85-92

Anal fin rays 64-71 57-63 64-72
Vertebrae 36-38 36-38 41-42
Lateral-line scales

Right side 63-77 58-66 68-87
Left side 56-65 44-57 61-73

Source: Woolcot et al. (1968)
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Table 4. Number of eggs released by captive southern flounder, Perry R. Bass 
Marine Fisheries Research Station, Palacios, Texas. Tank conditions 
were 18°C and 9-h light:15-h dark photoperiod except for the period 
from 7 Jan - 25 March 1985 when photoperiod was reduced to 4-h light 
daily.

1984-85 Spawning Season 1985-86 Spawning Season
Date No. Eggs Date No. Eggs

18 Dec 1984 ND 08 Dec 1985 5,000
19 Dec 1984 ND 13 Dec 1985 3,200
26 Dec 1984 ND 17 Dec 1985 2,900
31 Dec 1984 ND 18 Dec 1985 2,400
02 Jan 1985 ND 24 Dec 1985 1,400
03 Jan 1985 ND 30 dec 1985 66
08 Jan 1985 1,900 31 Dec 1985 6,900
09 Jan 1985 6,200 01 Jan 1986 4,000
10 Jan 1985 3,100 02 Jan 1986 1,000
17 Jan 1985 3,100 06 Jan 1986 18,800
18 Jan 1985 18,100 07 Jan 1986 28,900

10 Jan 1986 1,500
11 Jan 1986 4,800
13 Jan 1986 9,500
17 Jan 1986 6,100
24 Jan 1986 6,100
26 Jan 1986 1,600
29 Jan 1986 4,700
30 Jan 1986 2,800
31 Jan 1986 20,500
01 Feb 1986 1,900
07 Feb 1986 3,200
09 Feb 1986 3,500
13 Feb 1986 28,400

ND = Not Determined
Source: Henderson-Arzapalo et al. (1988)



Table 5. Photoperiod and temperature regimes used to induce spawning of southern flounder 
in a 29.92 kl spawning tank, August 1976 through January 1977.

Month
Photoneriod
Light

fhrs)
Dark

Mean
Temp
<°C)

Temp
Range
<°C)

Lab
Season

August 15 9 26.5 26.0-27.0 spring
September 12 12 26.5 25.5-27.5 summer
October 12 12 22.8 20.7-25.0 late summer
November 9 15 17.7 16.0-19.5 fall
December4 9 15 17.0 16.5-17.5 fall
January6 9 15 . 17.0 16.5-17.5 fall

'First spawn 12/21/76 
bLast spawn 1/3/77
Source: Arnold et al. (1977)



Table 6. Sex ratio for southern flounder in 50 mm length groups collected in 
the coastal waters of Glynn County, Georgia from January 1979 
through June 1982.

Sex Ratio/Number in Samples 
Length Group (mm) (female:male)

1-50 --- (-)
51-100 -- (-)

101-150 1:0 (1)
151-200 1:0 (2)
201-250 3:1 (11)
251-300 3.3:1 (26)
301-350 26:1 (27)
351-400 . 16:1 (17)
401-450 1:0 (7)
451-500 1:0 (10)
501-550 1:0 (6)
551-600 1:0 (3)
601-650 1:0 (3)
651-700 1:0 (2)
701-750 -- (-)
751-800 -- (-)
COMBINED 9.5:1 (116)

Source: Music and Pafford (1984)
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Table 9. Mean observed total length (OBS TL) with sample size (n), standard 
deviation (sd), and predicted von Bertalanffy total length (VB TL) 
for each sex of southern flounder by yearly quarters; units are mm.

Age
Mai es Females

n sd OBS TL VB TL n sd OBS TL VB TL
0.375 10 13 139 155 14 20 138 151
0.625 71 30 180 176 166 31 194 186
0.875 50 36 209 197 89 40 218 218
1.125 21 45 201 216 21 43 222 249
1.375 74 39 219 234 74 48 265 278
1.625 115 23 251 251 89 43 296 305
1.875 117 23 271 267 74 51 320 331
2.125 15 21 378 282 7 42 346 356
2.375 18 30 399 296 65 52 404 379
2.625 47 37 322 309 56 50 427 400
2.875 28 31 316 321 56 56 409 421
3.125 0 333 4 17 452 440
3.375 4 46 310 344 21 52 488 458
3.625 3 50 328 354 18 48 448 475
3.875 10 71 464 491
4.125 2 62 564 507
4.375 0 521
4.625 5 73 520 535
4.875 2 229 493 547
5.125 0 559
5.375 1 572 571
5.625 4 37 546 582
5.875 1 571 592
7.125 1 703 634

Source: Wenner et al. (1990)



Table 10. Mean observed weight (OBS WT) in g, and total length (OBS TL) in 
mm, and predicted von Bertalanffy total length (VB TL) in mm for 
each sex of southern flounder by age in years.

Age

Mai es Females

n OBS WT n OBS TL VB TL n OBS WT n OBS TL VB
TL

1 320 180 327 248 206 251 298 258 288 234
2 99 350 108 310 274 173 869 184 410 ' 344
3 7 335 7 316 327 49 1258 53 467 431
4 9 1908 9 524 499
5 6 2014 6 554 554
6 0 0 597
7 1 5000 1 703 630

Table 10. Estimates of von Bertalanffy parameters 
of each sex of southern flounder; CL =

which describe 
95% confidence

the growth 
limits.

Asymptotic Afivmntohi c CT.
Sex Parameter Estimate std err lower upper
Male L” 518 80.772 360 677

K 0.2458 0.0739 0.1007 0.3910
to -1.0664 0.2097 -1.4782 -0.6546

Female L« 759 51.385 658 860
K 0.2346 0.0288 0.1781 0.2912
to -0.5702 0.0715 -0.7105 -0.4299

Source: Wenner et al. (1990)



Table 11. Total length (TL)-weight (W) and total length-standard length (SL) relationships for 
male and female southern flounder, Paralichthvs lethostioma, and for males, females, 
unsexed, and undifferentiated specimens combined. TL and SL are in mm; W is in g; 
I = unsexed and undifferentiated specimens. LS = least squares; P = geometric mean 
functional regression. Logs are base 10.

Variables Type Sex n Equations r2 Range
TL-W LS M 675 Log W = 3.17(Log TL) - 5.38 0.984 110-476

14-1206
mm
g

TL-W F M 675 Log w = 3.20(Log TL) - 5.45

TL-W LS F 926 Log w = 3.15(Log TL) - 5.33 0.995 106-703
10-5000

mm
g

TL-W F F 926 Log w = 3.16(Log TL) - 5.34

TL-W LS M,F, I 1753 Log w = 3.13(Log TL) - 5.28 0.994 58-710
2-5284

mm
g

TL-W F M,F, I 1753 Log w = 3.14(Log TL) - 5.31

TL-SL LS M 655 TL = 1.19(SL) + 6.95 0.991 110-476
TL

mm

TL-SL F M 655 TL = 1.20(SL) + 4.82

TL-SL LS F 885 TL = 1.18(SL) + 9.09 0.997 106-703
TL

mm

TL-SL F F 885 TL = 1.18(SL) + 8.45

TL-SL LS M,F, I 1737 TL = 1.19(SL) + 6.12 0.997 13-710
TL

mm

TL-SL F M,F, I 1737 TL = 1.19(SL) + 5.93

Source: Wenner et al. (1990)
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J Table 19. Yearly commercial landings of flounders by distance from shore, Louisiana, 1973-1989.

Inshore rn rhree nautical miles From shore
Year Pounds Value ($)
1973 114,013 28,747
1974 137,085 33,176
1975 83,916 25,844
1976 163,944 52,338
1977 197,337 69,389
1978 162,950 69,998
1979 105,611 47,968
1980 98,706 49,236
1981 78,251 52,288
1982 134,060 72,518
1983 163,245 93,283
1984 193,174 129,790
1985 395,295 232,322
1986 753,117 528,270
1987 830,359 664,257
1988 466,829 437,248
1989 441,571 448,259
Total = 4,519,463 Avg/Year = 265,851
Three nautical miles to 12 nautical mil es from shore

Year Pounds Value ($)
1973 88,854 14,373
1974 156,968 27,516
1975 149,059 34,812
1976 162,322 43,922
1977 93,354 32,429
1978 139,065 51,346
1979 89,745 38,142
1980 55,073 30,306
1981 51,009 31,497
1982 46,218 23,627
1983 10,897 7,826
1984 52,568 27,609
1985 52,067 38,279
1986 21,437 13,821
1987 83,631 53,139
1988 14,387 11,937
1989 3,507 2,840
Total = 1,270,161 Avg/Year - 74,715
Twelve nautical miles and rrreater' from shvirs
Year Pounds Value (5)
1973 78,510 12,405
1974 21,291 3,899
1975 9,263 1,689
1976 1,005 227
1977 1,830 643
1978 3,921 1,486
1979 19 5
1980 7,180 5,321
1981 7,702 3,864
1982 19,464 7,865
1983 102,009 61,346
1984 107,521 61,107
1985 82,587 65,506
1986 50,480 34,233
1987 24,086 20,382
1988 29,069 19,985
1989 46,969 38,887
Total = 592,906 Avg/Year - 34,877

Source NMFS Landings Data, Louisiana.
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Table 22. Estimated number of fish caught (thousands) by marine recreational fishermen in 1994 for selected 
species by subregion, state, and area fished (Gulf Subregion).

SUBREGION

Species
North

Atlantic
Middle
Atlantic

South
Atlantic

Gulf of 
Mexico

All
Subregions

Summer Flounder 1,016 16,184 407 » 17,607
Gulf Flounder * » - 768 769
Southern Flounder * * 828 536 1,364
winter Flounder .. 465 1,797 • * 2,282
Flounders, Other 67 237 1,691 190 2,185

STATE
(Gulf Subregion)

Species Fla Ala Miss La Totals -

Gulf Flounder 752 768
Southern Flounder 31 55 118 332 536
Flounders, Other 124 35 - 189

AREA FISHED 

(Gulf Subregion)

Species

Ocean 
3 Miles 
or Less

Ocean 
More Than 
3 Miles

Ocean
10 Miles Ocean
or Less Over 10 Miles Inland

All
Areas

Gulf Flounder 13 _ 61 2 692 768
Southern Flounder 71 7 7 1 450 536
Flounders, Other 10 - 57 6 116 189

Note: An asterik (*) denotes none reported.
Note: A dash (-) denotes less than 30 thousand reported. However the figure is included in the row and column

totals.
Note: 'Ocean 10 Miles or Less" and 'Ocean Over 10 Miles" refers only to the Florida Gulf coast where state

jurisdiction extends to three marine leagues, approximately 10 nautical miles.

Source: U. S. Department of Commerce, MRFSS, 1994.



Table 23. Resident recreational
Louisiana.

saltwater angler licenses issued, 1984-1994

Season Number Sold

1984-85 102,125
1985-86 169,149
1986-87 198,852

1987-88 195,099

1988-89 204,686

1989-90 208,292

1990-91 206,088

1991-92 229,805
1992-93 245,952
1993-94 265,759

Source: Personal Communication, Joann Newchurch, LDV1F License
Section
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SOUTHERN FLOUNDER
SUMMARY OF CHANGES FROM 1996 ASSESSMENT

This summary provides a quick reference of substantive changes in methods or 
corrections in this year’s assessment from the 1996 assessment conducted for southern flounder.

Section 5.2 Natural M ortality

• The reference to 90% and 99% mortality corresponding to M l%  and MO. 1% described in 
the function by Alagaraja (1984) was incorrect. The correct reference should be 99% and 
99.9%. Also, the maximum age for female southern flounder was incorrectly 
documented as age 6. Female southern flounder have been aged to 7-years-old. 
Therefore, natural mortality rates corresponding to these corrections are 0.66 and 0.99.

• The change in the maximum age o f southern flounder also changes the natural mortality 
rate calculated from the function described by Hoenig (1983). The corrected natural 
mortality rate is 0.47.

The effect o f changing the maximum age was to reduce the estimates o f natural mortality.
However, the changes were not low enough to warrant any changes in the ranges o f natural
mortality evaluated (0.5 - 0.8).

Section 5.3 Disappearance Rates and Fishing M ortality
• The greatest difference in this year’s assessment is the incorporation o f an age-length-key 

to age fish rather than the use o f a growth equation. Using the age-length-key should 
reduce the misassignment of ages to fish of given length.

• Disappearance rates were calculated and provided by year for years where 
length-frequency data was available rather than by combining years.

• Selectivities were recalculated due to the change in catch-at-age from the use o f an 
age-length-key.

Section 5.6 Status of the Stock
• The calculation of fishery-independent mean catch-per-effort for trammel net and seine 

samples was changed from using an arithmetic mean of positive samples to using a log 
transformed mean o f all samples. The function is described as follows:

Mean CPUE = ( exp ( £fn  ( catch +1 ) /  N )) -1
where, catch is the total number caught in each set and, N is the number o f samples taken 
annually. This method accounts for all samples taken and reduces the impact o f occasional large 
catches on the estimate o f CPUE.
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SOUTHERN FLOUNDER
5.0 STOCK ASSESSMENT

This assessment uses yield-per-recruit (YPR), Spawning Potential Ratio (SPR) and catch 
curve analyses to estimate the impact of fishing pressure on potential yield and the spawning 
potential o f the southern flounder stock in Louisiana waters. Estimates derived from YPR and 
SPR are based on information regarding the growth rate and spawning potential o f the fish, and 
on estimates o f the natural mortality rate (M) and fishing mortality rate (F) on the stock. 
Catch-curve analysis estimates disappearance rates (Z') from the fishery based on the relative 
abundance o f each age class in the harvest. The results from this assessment provide a 
generalized approach towards estimating the impact of fishing on the spawning potential and 
potential yield of the fish stock. The spawning biomass of females is assumed to be the factor 
limiting the spawning potential of the stock; therefore, where possible, only data on female 
southern flounder are used. Yield-per-recruit and SPR analysis, as with many other generalized 
assessments, should be used only as a guide until a more comprehensive assessment can be 
conducted.

In developing a stock assessment, the unit stock must be defined. While a unit stock is 
often represented by that portion of the population which is genetically similar, for our purpose, 
the most applicable definition seems to be one which considers the unit stock as that portion of 
the population which is either dependent on Louisiana waters, or which is available to Louisiana 
fishermen.

5.1 Growth
Von Bertalanfiy growth parameters were calculated for female southern flounder in 

Louisiana by using aged samples collected by Thompson (B. Thompson, Coastal Fisheries 
Institute, Louisiana State University, unpublished data) combined with juveniles assigned to age 
0 ( < 100 mm total length) by length frequency analysis from LDWF fishery-independent trawl 
samples. From the combined data, a three-parameter von Bertalanfiy growth equation was 
estimated using nonlinear approximation (SAS, 1987). The equation is as follows:

Female Lt = 509(I-e -o ̂ - 0095̂

where, Lt= length at age t. A plot of the data and predicted growth is provided in Figure 5.1.

A length-weight regression for female southern flounder was derived using fish collected in 
Louisiana by Thompson (unpublished data) and the LDWF fishery-independent surveys. The 
resulting output of the SAS regression analysis is presented in Table 5.1. The length-weight 
regression used is as follows:

log W  = 3.18369 * log L -  5.386116
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where, W  = body weight in grams, and L = total length in millimeters. A plot o f the data and 
predicted weight-at-length is provided in Figure 5.2.

5.2 Natural Mortality

Natural mortality is one part o f total mortality (Z) and is the mortality due to all causes 
other than fishing. These include predation, disease, spawning stress, starvation, and old age. 
Typically, natural mortality is estimated as it is difficult to directly measure, especially on 
exploited fish stocks where natural mortality and fishing mortality occur simultaneously. No 
direct measure o f natural mortality for southern flounder is available; therefore, several 
established estimation procedures were used to derive an estimate. The procedures are presented 
below and are taken from Sparre and Venema (1992).

Pauly (1980) provides a method o f estimating natural mortality from a set of parameters 
including the asymptotic length and growth rate o f the fish, and the average water temperature of 
the environment. The growth parameters from the von Bertalanfiy growth equation described in 
Section 5.1 and the mean annual water temperature, derived from readings from a set o f four 
constant recorders located throughout the Barataria Bay system, were used in the calculation. 
The mean water temperature was 22.TC  for the period 1989 - 1992 (pers. comm., M. Kasprzak, 
4/13/92). These values were incorporated into the length-based function of Pauly (1980):

ln(M) = -0.0152 - 0.279 * ln(Lw ) + 0.6543 * ln(K) + 0.463 * ln(T).

where, ln(M) = natural log of natural mortality, ln(L» ) = natural log o f the asymptotic length, 
ln(K) = natural log o f the growth coefficient and ln(T) = natural log o f the mean annual 
temperature in degrees Celsius.

Use of Louisiana data on growth and water temperature applied to Pauly's function results 
in a natural mortality estimate o f M= 1.33.

Alagaraja (1984) and Hoenig (1983) provide methods of estimating M based on the fish’s 
lifespan or longevity with the assumption that M=Z. Longevity is also difficult to determine for 
exploited fish stocks, since the age distribution is usually truncated by fishing, but these methods 
are as useful as any in providing provisional estimates o f natural mortality. The functions 
described by Alagaraja (1984) are:

M l%  = -ln(0.01)/Tm 
M0.1% = -ln(0.001)/Tm

where, M l%  and M 0.1% are the natural mortality rates corresponding to 99% and 99.9% 
mortality, respectively, given a fish’s lifespan (Tm) in years. Female southern flounder in 
Louisiana have been aged to 7-years-old (Thompson, personal communication). If  it is assumed 
that 99% or 99.9% of the fish die by age 7 then corresponding natural mortality rates for M l%  
and M 0.1% would be 0.66 and 0.99 respectively.
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The function described by Hoenig(1983) is :

ln(Z)= 1,46- 1.01 * In(Tm)

where, when M=Z, longevity (Tm) can be defined as the maximum survival age. If  we assume 
that the maximum age o f southern flounder has been truncated due to fishing from 9 to 7 years, 
the resulting estimate of natural mortality, given Tm=9, would be 0.47. However, if our 
assumption is incorrect and the maximum age is 7 years then the estimate o f natural mortality 
would be 0.60.

Another method o f estimating M is described by Rikhter and Efanov (1976) and utilizes 
population age at sexual maturity. The function is:

M = 1.521/(Tm50%0720) - 0.155

where, Tm50% is the age at which 50% o f the population is mature. Age 1 is assumed to be the 
age at 50% maturity, based on the length at sexual maturity found by several researchers (Adkins 
et al. 1996), and results in an M  of 1.37. However, if 50% maturity occurs at age 2 rather than 
age 1, the estimate of natural mortality would be 0.77.

In summary, the estimated rates o f natural mortality for southern flounder in Louisiana 
using a variety of estimation procedures are as follow:

Pauly (1980) 1.33
Alagaraja (1984) 0.66 and 0.99
Hoenig (1983)

1) Longevity 9 years 0.47
2) Longevity 7 years 0.60

Rikhter and Efanov (1976)
1) 50% maturity age 1 1.37
2) 50% maturity age 2 0.77

5.3 Disappearance Rates and Fishing Mortality

The disappearance rate (Z*) from the fishery comprises total mortality (natural + fishing) 
and some unknown rate o f decreasing availability o f the fish to the fishery. If  the unknown rate 
o f availability is small or nonexistent, then the disappearance rate will be a reasonable estimate 
o f total mortality. However, if a large portion of the disappearance rate is due to fish not being 
available to the fishery, then assuming Z'=Z will overestimate the impact o f fishing.

We estimated rates o f disappearance using data from two sources. The first source is the 
commercial data collected through the Trip Interview Program (TIP) for 1994-1996, and the
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second, data from the recreational fishery (NMFS Marine Recreational Fishery Statistics Survey 
1994-1995). The data from both of the surveys did not distinguish between sexes, therefore we 
assumed for this assessment that all fish sampled were female. Fish were aged by using an 
age-length key developed from otolith aging of fish by Thompson (unpublished data) and 
LDWF’s ongoing aging study. Eleven hundred and seventy nine aged fish were used in the 
development o f the age-length key (Table 5.2). To calculate disappearance rates, we regressed 
the natural log o f the catch-per-unit-effort against age, beginning with the age at full recruitment 
to the fishery. This method assumes that recruitment is constant and the fishery is in 
equilibrium. Disappearance rates were calculated from the commercial and recreational data by 
year where length frequency data was available. The calculated disappearance rates ranged from 
1.1 to 1.3 (Figures 5.3A-C and 5.4A-B).

Catch-at-age from the commercial and recreational fishery in 1995 was used to derive 
age-specific selectivities to be used in yield-per-recruit analysis. The method presented in Sparre 
and Venema (1992) was used to develop selectivities. This method uses a linearized catch curve 
to determine the selectivity of fish not yet fully recruited to the fishery. The ratio o f the observed 
catches to the expected catches at each age is the probability of capture or selectivity o f the 
fishery at age. This selection ogive is then regressed in the equation:

ln( 1 / St- 1 ) = T1 - T2 * t

where, St = the selectivity at age t, and T1 and T2 are constants corresponding to the intercept 
and slope o f the regression. To develop theoretical or estimated selectivities at age the following 
equation is used:

St (estimate) = 1 / ( 1 +  exp( T1 - T2 * t)

Selectivities for ages up to full age-at-recruitment were used to describe the relative fishing 
mortality to that point; for age at frill recruitment and older, selectivities are assumed to be 1, or 
100% selected. Selectivities are as follows:

age 0 = 0.012 
ages 1 and older = 1.

5.4 Yield per Recruit

Yield-per-recruit and SPR analysis provides basic information about the dynamics o f a 
fish stock by estimating the impact o f mortality on yield and the spawning potential of the stock. 
The results can be examined as to the sensitivity of natural and fishing mortality rates on yield 
and spawning potential.

The growth parameters described in Section 5.1, sexual maturity described in Section 5.2 
and the age-specific selectivities described in Section 5.3 were incorporated into the 
yield-per-recruit and spawning potential analysis. Fecundity estimates were not available,
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therefore; mean weight at age was used in the estimation of spawning potential. Natural 
mortality rates of 0.5 to 0.8 by 0.1 were used in the analysis because they are on the lower end of 
the range o f estimates and would provide the most conservative results. These rates are also used 
to describe the sensitivity o f M  on yield and spawning potential. The results are presented in 
Table 5.3, which contains estimates of F m a x  (fishing mortality rate that produces maximum 
yield), F0.i (fishing mortality rate representing 10% of the slope at the origin of a yield-per-recruit 
curve), F 2o% spr (fishing mortality that produces 20% SPR), F 3o%spr (fishing mortality that 
produces 30% SPR), and annual estimates o f F from the disappearance rates calculated in 
Section 5.3.

5.5 Conservation Standards

Conservation standards are intended to protect the viability o f a fish stock for future 
generations. These standards have historically been based on a number o f biological measures of 
the dynamics of fish stocks, depending on the availability and adequacy o f data. Conservation 
standards should be separated into two types: a conservation threshold which is entirely 
biologically based and, a conservation target which considers biological measures modified by 
relevant social, economic, and ecological factors. A conservation threshold is a biological 
baseline for the harvest of a fish stock and should not be exceeded. It is the highest level of 
fishing mortality that will ensure that recruitment overfishing will not occur. Beyond the 
conservation threshold, a conservation target may be set, providing for other management goals 
in the fishery. Such goals may include maximizing yield in weight or numbers o f fish, economic 
benefits or profit, employment, or some other measurable goal. These targets should be set at a 
fishing mortality rate below that of the conservation threshold in order to ensure that the 
biological integrity of the stock is not damaged by fishing.

The spawning potential ratio (SPR) concept described by Goodyear (1989), is a species 
specific value expressed as the ratio o f the spawning stock biomass (or egg production) per 
recruit (SSB/R) in a fished condition to the SSB/R in an unfished condition. The concept is based 
on the premise that below some level of SPR, recruitment will be reduced. Goodyear (1989), 
recommends that in the absence of sufficient data to provide a value specific to the stock in 
question an SPR o f 20% be used as a threshold. Work on North Atlantic ground fisheries also 
resulted in the calculation o f a threshold SPR of 20% (Gabriel et al. 1984, Gabriel 1985). An 
SPR o f 20% has been recommended for Spanish and king mackerel in the Gulf o f Mexico 
(National Oceanic and Atmospheric Administration/National Marine Fisheries Service 1995), 
while an SPR of 8-13% has been demonstrated to be sufficient for gulf menhaden (Vaughan 
1987). In earlier analyses o f Louisiana spotted seatrout fisheries (Louisiana Department of 
Wildlife and Fisheries 1991), an SPR threshold of 15% was recommended based on several years 
of data. Mace and Sissenwine (1993) examined 90 stocks of 27 species, and reported that the 
average replacement SPR for all these stocks was 18.7%, while the most resilient quarter of the 
stocks required a maximum o f only 8.6%. These authors recommended that an SPR o f 30% be 
maintained when there is no other basis for estimating the replacement level, as this level was 
sufficient in maintaining recruitment for 80% of the stocks examined. However, they noted that
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30% may be overly conservative for an "average" stock, and reiterated the need for stock-specific 
evaluations o f standards to enhance both safety and benefits in the fishery.

Sufficient information is not available to directly estimate a conservation threshold for 
southern flounder in Louisiana. However, the conservation target of 30% SPR established by the 
1995 Regular Session o f the Louisiana Legislature for black drum, southern flounder, 
sheepshead, and striped mullet appears to be adequate to maintain the southern flounder stock 
and prevent recruitment overfishing.

The use of any measure of the health o f a fish stock as a perfect index is arguable. It is 
logical to conclude that growth overfishing should occur at a much lower fishing rate than that 
which would threaten recruitment. However, Mace and Sissenwine (1993) provide information 
to suggest that some stocks may have reduced recruitment at levels o f fishing that would not 
reduce yield-per- recruit. The preferable position for making recommendations on appropriate 
levels o f fishing for a stock is to base those recommendations on actual measures o f spawning 
stock size and recruitment for both the species and fishery in question. This requires a base of 
information resulting from monitoring o f both the stock and the fishery over a variety of 
conditions. Without this information, conservation standards may either underestimate or 
overestimate the potential o f a fishery. If  the potential is underestimated, society loses the 
economic and social benefits of the harvest. If  the potential is overestimated and the fishery is 
allowed to operate beyond sustainable levels, society loses the benefits o f a sustainable fishery, 
and recovery will require some period of rebuilding, when effort must be reduced from the 
non-sustainable levels (Hilbom and Walters, 1993). Some researchers have speculated that 
overharvest o f some stocks may lead to their replacement in the ecosystem by other, often less 
preferred, stocks. The frequency of such replacements is unknown, and the cause o f shifts in 
species predominance in an ecosystem are difficult to ascertain, even after the fact. Such a shift 
has been reported in the Georges Bank area, where prolonged, intense harvest o f cod and 
haddock has been implicated in gradual increases in skate and spiny dogfish populations 
(National Oceanic and Atmospheric Administration 1993).

5.6 Status of the Stock

Commercial landings have fluctuated over the period 1950-1995 with the highest 
landings in the mid-1980s and mid-1990s at 0.94 and 0.97 million pounds, respectively (Figure 
5.5). Recreational landings were equal to or greater than those of the commercial fishery until 
1991 when the commercial fishery began harvesting a greater percentage o f the total harvest 
(Figure 5.6). Harvest from the recreational fishery has fluctuated for the years examined 
(1981-1995), but shows no long-term downward trend. Mean catch-per-trip from the 
recreational fishery was calculated by selecting those trips that had southern flounder in the 
catch. The means with 95% confidence limits are presented in Figure 5.7. The catch-per-effort 
(CPUE) indices seem to cycle over the years examined, with 1987 having the lowest mean cpue. 
Since 1990 cpue has shown a declining trend with 1995 being significantly lower then 1982 and
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1990. Catch-per-effort data from the Departments, fishery-independent trammel net (750' - 1 
5/8" inner, 6" outer wall) and 16-foot flat otter trawl samples were calculated as follows:

Mean CPUE = ( exp ( £ ln  ( catch +1 ) / N ) ) - l

where, catch is the total number caught in each set and, N is the number o f samples taken 
annually. Trammel net data were used for the period 1986-1996, and 16-foot trawl data were 
used for the period 1967- 1996. CPUE estimates from trammel nets fluctuated without any 
indication o f a downward trend (Figure 5.8). With the exception o f the 1989 CPUE for trammel 
nets, which was significantly lower than 1986 and 1995, no other differences were found at the 
95% level. Trawl data was used to provide an index of young-of-the-year recruitment. The 
long-term database provide by 16-foot trawl data shows how CPUE cycles over time and 
represent natural fluctuations in recruitment. Whatever the cause of the cyclic nature o f the 
indices, no evidence from the 16-foot trawl data indicates a long-term downward trend in CPUE 
for southern flounder (Figure 5.9).

Rules for the harvest o f southern flounder have changed substantially over the last two 
years. Commercial harvest methods were changed on August 15, 1995 when Act 1316 o f the 
1995 Regular Legislative Session, the Marine Resources Conservation Act o f 1995, became 
effective. This act outlawed the use of "set" gill nets or trammel nets in saltwater areas of 
Louisiana, and restricted flounder harvest by the use of "strike" nets to the period between the 
third Monday in October and March 1 o f the following year. A "Restricted Species Permit" was 
required in order to harvest flounder, and several criteria were established in order to qualify for 
that permit. This set of regulations had the effect of substantially reducing the harvest of 
flounder by this segment of the commercial fishing industry.

A second set o f regulations became effective on May 1, 1996. Recreational harvesters 
were restricted to a creel limit o f ten (10) southern flounder, with one day's limit in possession. 
At the same time, the use o f strike nets for the harvest of southern flounder was outlawed, and 
other commercial harvesters were limited to a possession limit of ten (10) fish per person aboard 
a commercial vessel. This set of regulations reduced the ability of some recreational harvesters 
to retain southern flounder, and also reduced the harvest potential o f the commercial fishing 
industiy.

It should be noted that the following results o f YPR and SPR analysis do not reflect the 
impact o f current regulations described above. With this type of general assessment, it will take 
several years before the impact o f regulations will be observed in the disappearance rates from 
the fishery. The results do represent the impact o f the fishery on the flounder stock given the 
fishing pressure existing in 1994 and 1995.

The results o f YPR analysis indicate that if M=0.5 (the most conservative value within 
the range o f estimates), the fishery prior to existing regulations was operating between F0.i and 
F max, with yields o f 93% to 94% of maximum and SPR at 27% to 28%. An M o f 0.8 (the
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highest value within the range examined) would produce yields o f 65% to 67% of maximum 
with SPR at 51% to 52% (Table 5.3).

Based on this generalized assessment, if M is 0.5, and fishing mortality rates continue at 
1994-1995 levels, then southern flounder would be harvested at a rate that would drive the stock 
in the long term below the target SPR of 30% established by the Louisiana Legislature. 
However, if  M is higher than 0.5, or regulations implemented since 1995 have effectively 
reduced fishing mortality rates from 1994-1995 levels, then harvest rates would provide SPRs 
greater then 30%.

5.7 Research and Data Needs

Estimates o f natural mortality used in the present assessment show wide variation. This 
variation reduces the reliability of the present assessment in providing an accurate prediction of 
the potential yield of the stock, and also reduces the confidence level of the present estimate of 
SPR. A more precise estimate o f natural mortality would assist in both of these problems.

Annual age-length keys should continue to be developed to provide catch-at-age data 
necessary to conduct age-based population assessments. The department is in the process of 
collecting otoliths for development o f annual age-length keys.

The relationship between wetlands losses or modifications and the continuation o f fishery 
production within the state has been discussed by many authors. However, this relationship is 
likely to be different for the various fishery species. Understanding o f this relationship for 
southern flounder should be an ongoing priority.

In the presence o f changing regulations, fishery-dependent information is not a reliable 
source o f data necessary to assess the status o f a fish stock. However, such data is necessary to 
measure the effects of fishing on that stock. Consistent fishery-dependent and 
fishery-independent data sources, in a comprehensive monitoring plan, are essential to 
understanding the status o f fishery stocks, and to identifying causes o f changes in stock 
abundances. Present programs should be assessed for adequacy with respect to their ability to 
evaluate stock status, and modified or enhanced to optimize their capabilities.
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The SAS System

Model: MODEL 1 
Dependent Variable: LOG_W

Analysis o f Variance

Sum of Mean
Source DF Squares Square F Value Prob>F

Model 1 54.62048 54.62048 14726.405 0.0001
Error 966 3.58291 0.00371
C Total 967 58.20339 -

Root MSE 0.06090 R-square 0.9384
Dep Mean 2.90704 Adj R-sq 0.9384
C.V. 2.09497

Parameter Estimates

Parameter Standard T for HO:
Variable DF Estimate Error P aram eter^  Prob > |T[

INTERCEP 1 -5.386116 0.06836746 -78.782 0.0001
LOG L 1 3.183690 0.02623508 121.352 0.0001
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Table 5.2 - Age-at-length distribution of fish used in age-length key development.

Length
(inches)

A G E

0 1 2 3 4 5 6 7 T otal
5 1 1
6

7 1 1
8 6 4 10
9 2 10 12
10 12 17 2 9
11 10 21 3 2 36
12 5 4 0 8 2 55
13 8 57 8 3 76
14 4 94 29 1 128
15 1 139 38 5 1 184
16 122 48 7 1 178
17 1 87 53 14 3 158
18 64 45 13 2 3 127
19 3 4 33 7 5 2 1 82
2 0 10 16 2 6 1 35
21 10 15 8 5 38
22 3 4 1 1 9
23 5 2 3 1 12
2 4 3 1 2 6
25 1 1
2 6 1 1
T otal 4 9 7 1 2 3 0 4 74 28 9 2 1 1 ,1 7 9
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Table 5.3 Results of Yield per Re cruit and SPR Analysis for Southern Flounder 

M=0.5
F Ratio YPR SPR %SPR %YPR

F-max = 2.0000 0.6437 03218 11.70% 100.00%
F0.1 = 0.5521 0.5600 1.0143 36.86% 87.00% Benchmarks

F30%= 0.7207 0.5950 0.8256 30.00% 92.44%
F20%= 1.1450 0.6302 0.5504 20.00% 97.90%

1994 Commercial” 0.6000 0.5721 0.9535 34.65% 88.88%
1995 Commercial” 0.7700 0.6020 0.7818 28.41% 93.52%
1996 Commercial” 0.7300 0.5964 0.8170 29.69% 92.65% Estimates

1994 Recreational 0.8000 0.6057 0.7571 27.51% 94.09%
1995 Recreational=l 0.7700 0.6020 0.7818 28.41% 93.52%

0.6
F Ratio YPR SPR %SPR %YPR

F-max = 2.0000 0.5608 0.2779 14.06% 100.00%
FO.I = 0.6678 0.4757 0.7099 35.91% 84.83% Benchmarks

F30% = 0.8460 0.5038 0.5931 30.00% 89.84%
F20%= 1.3629 0.5422 03954 20.00% 96.68%

1994 Commercial” 0.5000 0.4332 0.8638 43.70% 77.24%
1995 Commercial” 0.6700 0.4762 0.7082 35.82% 84.91%
1996 Commercial” 0.6300 0.4679 0.7401 37.44% 83.42% Estimates

1994 Recreational” 0.7000 0.4818 0.6858 34.69% 85.92%
1995 Recreational 0.6700 0.4762 0.7082 35.82% 84.91%

0.7
F Ratio YPR SPR %SPR %YPR

F-max = 2.0000 0.4858 0.2405 16.49% 100.00%
F0.1 = 0.7970 0.4105 0.5126 35.13% 84.49% Benchmarks

F30%= 0.9842 0.4332 0.4377 30.00% 89.16%
F20% = 1.6064 0.4726 0.2918 20.00% 97.28%

1994 Commercial” 0.4000 0.3140 0.7826 53.63% 64.63%
1995 Commercial” 0.5700 03671 0.6416 43.97% 75.55%
1996 Commercial” 0:5300 0.3566 0.6705 45.95% 73.40% Estimates

1994 Recreational” 0.6000 03742 0.6213 42.58% 77.03%
1995 Recreational” 0.5700 03671 0.6416 43.97% 75.55%

0.8
F Ratio YPR SPR %SPR %YPR

F-max = 2.0000 0.4218 0.2086 18.93% 100.00%
FO.I” 0.9435 0.3596 03788 3437% 85.25% Benchmarks

F30%= 1.1347 03777 03306 30.00% 89.56%
F20%= 1.8747 0.4174 0.2204 20.00% 98.98%

1994 Commercial” OJOOO 0.2134 0.7089 64.33% 50.59%
1995 Commercial” 0.4700 0.2742 0.5812 52.74% 65.02%
1996 Commercial” 0.4300 0.2622 0.6074 55.12% 62.16% Estimates

1994 Recreational” 0.5000 0.2826 0.5629 51.08% 67.00%
1995 Recreational” 0.4700 0.2742 0.5812 52.74% 65.02%



Figure 5.1 Fit of Growth Equation to Observed Age at Length
Female Southern Flounder
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Figure 5.2 - Fit of Length Weight Regression 
Fem ale Southern Flounder
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Figure 5.3A - Disappearance Rate for Southern Flounder
Louisiana Commercial Fishery (1994)
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Regression Output:
Constant 6.9377
Std Err of Y Est 0.1829
R Squared 0.9951
No. of Observations 7
Degrees of Freedom 5

X Coefficient(s) -1.102 
Std Err of Coef. 0.0346



Figure 5.3B - Disappearance Rate for Southern Flounder
Louisiana Commercial Fishery (1995)
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Regression Output:
Constant 7.7152
Std Err of Y Est 0.3272
R Squared 0.9884
No. of Observations 7
Degrees of Freedom 5

X Coefficient(s) -1.275
Std Err of Coef. 0.0618



Figure 5.3C - Disappearance Rate for Southern Flounder
Louisiana Commercial Fishery (1996)
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R Squared 0.9899
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Figure 5.4A - Disappearance Rate for Southern Flounder
Louisiana Recreational Fishery (1994)
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Regression Output:
Constant 6.5849
Std Err of Y Est 0.2809
R Squared 0.9918
No. of Observations 7
Degrees of Freedom 5

X Coefficient(s) -1.309
Std Err of Coef. 0.0531



Figure 5.4B - Disappearance Rate for Southern Flounder
Louisiana Recreational Fishery (1995)
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Regression Output:
Constant 6.0414
Std Err of Y Est 0.4842
R Squared 0.9749
No. of Observations 7
Degrees of Freedom 5

X  Coefficient(s) -1.275
Std Err of Coef. 0.0915



Figure 5.5 - Commercial Harvest of Southern Flounder
in Louisiana
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Figure 5.6 - Louisiana Commercial and Recreational Harvest
of Southern Flounder
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Figure 5.7 - Catch per Effort of Southern Flounder in Louisiana
NMFS Marine Recreational Fishery Statistics Survey
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Figure 5.8 - Catch per Effort o f Southern Flounder in Tram m el Nets
Marine Fisheries Division, Monitoring Program
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Figure 5.9 - Catch per Effort of Southern Flounder in 161 Trawls
Marine Fisheries Division, Monitoring Program
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1.0 INTRODUCTION

Sheqjshead (Archosargus probatocephalus) were caught by sport anglers in Louisiana and other 
Gulf states for long before modem fisheries statistics were kept. Within the last decade, a targeted 
commercial fishery of sheepshead has developed, but relatively little attention has been paid to the 
biology or ecology of the species. Sheepshead currently are omitted from fisheries management plans 
in the Gulf of Mexico, but they are included in the Fisheries Management Plan (FMP) for the 
Snapper-Grouper Fishery of the South Atlantic Region, (South Atlantic Fisheries Management 
Council 1983).

This document summarizes the current state of knowledge about sheepshead biology and its 
fishery as a basis for developing a fishery management plan.

1.1 Summary of the Fisheries

The commercial sheepshead fishery comprises two major components: an inshore gill net fishery 
and a trawl fishery of medium to large shrimping vessels that operates mainly offshore. Both 
fisheries are seasonal (Figure 1.1). Gillnets accounted for 57.7%, and trawls 39.6%, o f the 1989 
commercial landings. Dockside value of these landings was $475,459. The 1993 and 1994 landings 
were worth over $ 1 million, dockside. Sheepshead are frequently caught in "multi-species targeting" 
(e.g., "fish trawling" or set gillnets), incidental to other species (e.g., shrimp trawling) and are also 
directly targeted. In 1972, trammel nets accounted for 67% of commercial sheepshead landings; in 
1989, only 0.1% of the total landings were from this gear (Figure 1.2). This decline in landings for 
this gear can be explained by the development of stronger, less expensive nylon nets. More recently, 
gill net landings have gone down dramatically since Senate Bill 1316 was passed in 1995 (personal 
communication Robert Blanche! 1997).

While there are few, if any full time sheepshead fishermen, many commercial fishermen rely 
on catching sheepshead to augment their income. A year considered "below average" for landings of 
both shrimp and black drum, more sheepshead were landed in Louisiana than ever before in 1989.

Thousands of recreational anglers enjoy catching sheepshead each year. Louisiana recreational 
landings have exceeded one million pounds in three of the past four years (MRFSS 1993 thru 1996). 
Only 60% of anglers kept the sheepshead they caught in Louisiana(Adkins et al. 1990, Guillory and 
Hutton 1987, Fontenot and Rogillio 1970) and Texas (Osbum et al. 1988). Total recorded Louisiana 
recreational sheepshead harvest for 1980 - 1995 ranged from a high of 1,311,733 lb in 1995 to a low 
o f 326,398 lb in 1987 (MRFSS), (Figure 1.4).
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i.2  Probiems of the rishery

Commercial landings for sheepshead increased during the 1980’s, and have averaged over 3 
million pounds from 1990 -1995 (Figure 1.3). Sheepshead that once were discarded as bycatch in the 
shrimp fishery are now landed. Trawlers now target sheepshead at certain times of the year. During 
the spring, a single large trawl boat may land up to 20,000 lb of sheepshead at one time, creating 
"soft" markets and sometimes "flooding" the market (W. Estay, Wayne Estay Shrimp Co., Personal 
Communication). Sheepshead are bulky to ship and store, and have a relatively low profit margin per 
pound. However, with traditional species becoming less available because of increasingly restrictive 
regulations, sheepshead remain a good alternative as the steady landings reflect. Federal regulations 
mandating the use of turtle excluder devices (TEDs) and anticipation of similar regulations concerning 
bycatch reduction devices (BRDs) on all offshore trawls may effectively eliminate the offshore 
component of the fishery. Potential creation o f no-fishing zones (marine sanctuaries) may also affect 
the fishery, as would a state ban or further restrictions on gill-netting.

Long-term problems for sheepshead may come from habitat degradation. Louisiana is 
experiencing the highest rate of coastal erosion in the U.S. and possibly, the world (Penland et al. 
1990). Coastal land loss severely impacts fishing industries (Gagliano and van Beek 1970). The 
continuing reduction of estuarine areas necessary to larvae and juveniles would affect the overall 
sheepshead population. The removal of underwater structures, such as oil and gas platforms that 
adults utilize may also adversely impact sheepshead numbers and availability.
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2.0 BIOLOGY

2.1 Taxonomy and Nomenclature

The accepted scientific name of the sheepshead is Archosargus probatocephalus (Walbaum) 
1792. They are a member of the Sparidae family, also referred to as porgies. The following 
synonymy is abbreviated from Jordan and Evermann (1896).

Spargus, Schopf, 1788
Spargus probatocephalus, Walbaum, 1792
jSpargus ovicephalus, Bloch and Schneider, 1801
Spargus ovis, Mitchill, 1814
Piplodus probatocephalus, Jordan and Gilbert, 1882
Archosargus probatocephalus, Jordan and Fesler,1893

Sheepshead is the common name preferred by the American Fisheries Society (Robins et aL 
1991). Other common names include sheepshead bream, sheepshead porgie, convict fish, striped 
bandit, rondeau mouton (French), tete de mouton (Louisiana French), sargo chopa, pargo (Spanish).

2.2 Morphology

Morphology was described by Jordan and Evermann (1896), Ginsburg (1954), Hildebrand 
(1955), Caldwell (1965), Hoese and Moore (1977), Mook (1977) and compiled by Johnson (1978). 
The following descriptions were derived from these authors.

Sheepshead are greenish yellow to grayish in color; sides have 6 black crossbars not counting 
the incomplete head bar; dorsal, anal, and pelvic fins are mostly dusky or black and caudal and
pectoral fins are greenish to grayish.

%
, Body stout, deep, moderately compressed; back elevated, head short, deep, 
snout short; mouth horizontal, maxillary reaching to anterior margin of eye, slipping 
under lacrimal for all or most of its length. Scales ctenoid. Dorsal fin continuous, with 
strong spines; caudal fin slightly forked; pectoral fins long, reaching beyond anal 
origin; pelvic fins not reaching anus.

D. X to XII, 10-13, typically XII, 11; A. Ill, (9) 10-11; C. 9 +  8, procurrent 
rays 8-9 +  7; P. 15-17; V. I, 5, axillary process well developed; scales 44-50 in 
lateral series, lateral line scales 41-53; vertebra 10 +  14; gill rakers short, 6-9 on 
lower limb of first arch, anterior teeth incisiform, entire or slightly notched, 3 above
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and 4 below; posterior teeth molaritorm, 3 series above and 2 below; vomer and 
palatines without teeth.

Head 3-3.3, depth 1.9-2.5, pectoral fin 2.5-3.7 in standard length; snout 2.1-2.6, eye 2.7-4.5, 
maxillary 2.7-3.3 in head.

Rathbun (1892) described the eggs as buoyant, about 0.8 mm diameter, and transparent. 
Mook (1977) examined egg-sac larvae, detailing first pigmentation and formation of the dorsal fin, 
with 16 actinotrichia at 4.5 mm (SL). Larval development from 5 mm to 30 mm is illustrated and 
described by Hildebrand and Cable (1938). They report body proportions at 6 mm as: body depth 
3.4, head 3.0 (SL), snout 4.2, eye 3.1 into head. They also include a meristic description at 25-30 
mm, along with pigment development through early life stages.

2.3 Stock Description

Sheepshead are common estuarine inhabitants, found from Cape Cod, Massachusetts, to 
Texas (Bigelow and Shroeder 1953). They have been reported as far north as Nova Scotia (Gilhen 
et al. 1976) and south to Rio de Janeiro (Randall et al. 1978). Within the United States Gulf of 
Mexico, they are commonly found in all five states (Figure 2.1).

While numerous reports refer to the abundance of sheepshead in the Gulf of Mexico (LDWF 
1917, Gowanloch 1933, Ferret et al. 1971, Jennings 1985), most studies report that very few 
collected with traditional sampling methods such as gill nets, seines and trawls (Fontenot and Rogillio 
1970, Ferret et al. 1971, Juneau 1975, Tarver and Savoie 1976, Barrett et al. 1978, Adkins and 
Bourgeois 1982; Meador etal. 1988). Large juveniles and adult sheepshead tend to aggregate around 
structures: oil and gas platforms, oyster reefs, bulkheads, rocks, jetties, etc. (Hildebrand and Cable 
1938, Mook 1977, Ogbum 1984, Jennings 1985 and Sedberry 1987). The association with structure 
and the under representation of the species with traditional sampling gear probably results in 
underestimates of sheepshead abundance in most coastal fisheries studies. Most gears, such as seines,. 
and trawls, are not selective for structure-oriented fishes (Allen et al. 1960). Gillnets and trammel 
nets are not effective for catching sheepshead unless set near shores or structures (Boudreaux and 
Schexnayder 1995).

Norden (1966) using a variety of gears (e.g., gillnets, trammel nets, trawls, seines and hook 
and line) collected 70,539 fishes in Vermillion Bay, Louisiana, o f which only one was a sheepshead. 
In a comprehensive, coastwide study of Louisiana by Ferret et al. (1971), 74 sheepshead were taken - 
40 by trawls and 34 by seines. Ferret et al. (1971) concluded that "this species is much more 
common than is indicated by these results." Sampled of the Biloxi marsh complex with trammel nets 
over 8 years yielded sheepshead year round, with September catches lower than other months and 96 
% of the fish caught were between 0.5 - 5.5 lb and were in the 5-in to 22-in category (Fontenot and
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Rogiilio 1970). Juneau (1973) caught 15 sheepshead in 2 years of trawl and seine sampling in the 
Vermilion-Atchafalaya bay complex. Noting good catches by local fishermen using other gears, he 
suggested gear selectivity as the reason for his low recorded catch. Data from 10 years of LDWF 
coastal gill net, trammel net and seine samples exhibit similar trends.

Although Reid (1954) caught no sheepshead in Cedar Key, Florida, while using a trawl, beam 
trawl, push net, wire strainers, dip nets, trammel net, and a cast net, he noted that 2 to 3 lb 
sheepshead were caught in abundance by hook and line near a pier in the study area.

2.4 Reproduction and Parly Life History

Information on sheepshead spawning is limited. Springtime spawning has been reported from 
mid-Atlantic coastal waters and in the Gulf of Mexico (Jordan and Evermann 1896, Hildebrand and 
Cable 1938, Springer and Woodbum 1960, Christmas and Waller 1973).

Based upon visual assessment of gonads, Fontenot and Rogiilio (1970) reported a major 
spawning period in southeastern Louisiana (Biloxi Marsh) from February through May with a minor 
period from October through December. Wilson et al. (1989) and Render and Wilson (1992) 
examined gonads histologically and identified the period of spawning (egg shedding and batch 
production) in the northern Gulf from late February through late April (Figure 2.2). They found no 
evidence of spawning during other times of the year (Figure 2.3).

Specific spawning locations are not well documented. Callaway and Martin (1982) reported 
observing a spawning aggregation in association with an oil and gas platform in the northern Gulf of 
Mexico. Wilson et al. (1989) and Render and Wilson (1992) also concluded that the incidence of 
hydrated eggs in females was greatest in fish collected from offshore waters and classified them as 
group-synchronous fractional spawners. Sheepshead tend to aggregate in nearshore waters during late 
winter and early spring, possibly at their spawning grounds (Gunter 1945, Kelly 1965, Jennings 
1985, Wilson etal. 1989, Render and Wilson 1992).

t

.Wilson et al. (1989) estimated batch fecundity of sheepshead to range from 1,100 to 250,000 
and average 47,000. The authors cautioned, however, that results were inconclusive. The significant 
difference in batch size from sheepshead collected nearshore versus offshore was not understood due 
to relatively low sample size of females with hydrated eggs (10 specimens from nearshore; 10 
specimens from offshore). Estimates from offshore fish only ranged from 14,000 - 250,000 
eggs/batch and averaged 87,000 eggs/batch. Spawning frequency could not be accurately determined 
from data available due to inadequate sample size and inconclusive results regarding batch fecundity 
(Wilson et al. 1989).
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Based on die criteria that maturity is reached when 50% of the individuals in a population 
exhibit gonadogenesis, Wilson et al. (1989) and Render and Wilson (1992) reported age at maturity 
for sheepshead as age 2 for both males and females. Tucker (1987) reported similar results.

After hatching, the larvae make their way into estuaries. Postlarval sheepshead were observed 
in April and May in Caminada Pass, Louisiana, by Sabins (1973). Hoese (1965) reported one 19 mm 
specimen taken in Redfish Bay, Texas in May. Arnold et al. (1960) collected 10 larvae (6-11 mm) on 
May 1, 1957 near East Lagoon, Galveston Island, Texas. Juveniles were found from high salinity 
grass beds near the oceans (Christmas and Waller 1973, Laska 1973), to low salinity areas in Lake 
Maurepas, Louisiana (Millican et al. 1984), and the Mississippi River delta (Kelly 1965). Juveniles 
seem to prefer hard substrate habitat or other areas offering shelter. Sheepshead utilize oyster beds 
extensively (LDWF 1917) and a preference for shoalgrass beds has also been noted (Hildebrand and 
Cable 1938, Springer and Woodbum 1960).

Although hermaphroditism finds its most complex expression in the family Sparidae (Atz 1964), 
there is no evidence that sheepshead function other than gonochoristically. D'Ancona (1956) and 
Wilson et al. (1989) found isolated oocytes in the testes of sheepshead, but both concluded that these 
were possibly indicative of a functionally hermaphroditic ancestry.

2.5 Age and Growth

Springer and Woodbum (1960), observed growth of juvenile sheepshead in Florida, noting 
that specimens averaged 20.7, 29.0, and 41.5 mm TL during June, July, and August, respectively 
(Figure 2.4). These lengths were 5-6 mm TL greater than those reported by Hildebrand and Cable 
(1938) from North Carolina.

Wilson" et al. (1989) provided the only reports of age and growth of adult Louisiana 
sheepshead. Age estimates were made by counting annuli on sectioned otoliths. Sheepshead sampled 
ranged in age from 2 to 20 years, although most individuals were Age II to VIII (Figure 2.5). Growth 
rates differed for males and females (Figure 2.6). Von Bertalanffy growth equations were:

«.

, males: L, =  419(lV -4,7(t+aroo,)) t  =0.589 

females: L, =  447(l-e"3'367(t+1'025)) f  =0.532 

and by weight:

males: Wt =  1900 (i-e*-280̂ 2-657) }■“  t  =0.549 

females: Wt =  2557 (l-e^ 219(t+3 06I) J85 t  =0.474 

Fork length - weight regression equations were:
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males: Weight =  4.48 x 10' FL2-66 f  =0.943 

female Weight =  5.75 x 10"5 FL2 85 f  =0.926

sexes combined =  5.46 x 10"5 FL2 86 f  =0.923

Age distributions for fish captured by gillnets and otter trawls in Louisiana (Figure 2.7) were 
presented by Wilson et al. (1989). There were differences in distributions between years and gears. 
In 1987, Age II fish dominated gill-net samples, while trawl samples were dominated by Age V - 
VIII. Age III fish dominated gill net and trawl samples in 1988.

2.6 Feeding habits

Stomachs of 18 sheepshead (190 mm to 365 mm TL) from Copano Bay and Aransas Bay, 
Texas, were analyzed by Gunter (1945). Eleven contained large quantities of plant material ("grass" 
and algae), two contained plant material and unidentified crabs, one contained plant material and 
unidentified shell, and three contained blue crab (CaUinectes sapidus), leading the author to conclude 
that sheepshead were largely herbivorous. Simmons (1957), Fontenot and Rogillio (1970) and Darnell 
(1958) also considered vegetation an important food item. Stomach of adult sheepshead (218-410 mm 
SL) from Lake Pontehartrain, Louisiana, contained plant material (54% by volume) Cladophora sp., 
Vallisneria spiralis, and Ruppia maritima, 19% mussels (Mytilopsis leucophaeta and Mytilus 
recurvus), 10% sponges (Spongilla lacustris), 8% clams {Rangia cuneata), 3% Atlantic croakers 
(Micropogonias undulatus) and other fishes, 1.5% mud crabs (Rithropanopeus harrisit), and less than 
1% each of blue crabs, barnacles (Balanus spp.), unidentified amphipods, isopods, small gastropods 
and hydroids (Darnell 1958, Darnell 1961).

In the Florida Everglades grass beds, very small sheepshead feed first on copepods and then 
on amphipods, chironomids, mysidaceans and some algae (Odum 1971, Odum and Heald 1972). 
They changed from from vegetarian to an epifaunal carnivore; as fish reach about 35 to 40 mm, 
stomachs included small mollusks associated with hard substrates. Food habits also changed slightly 
between dry and wet seasons. Sheepshead diet in the wet season (June-December) consisted primarily 
of Mytilopsis leucophaeta (46% by volume), Rhithropanopeus harrisii (15%), and Brachidontes 
exustus (15%), whereas in the dry season (January-May) their diet consisted primarily of 
Brachidontes exustus (47%) and hydrozoans (15%). In the same area, sheepshead were reported to 
feed on porcellanid and xanthid crabs, barnacles and plant material (Tabb and Manning 1961). In 
Tampa Bay, Florida, young sheepshead (under 50 mm) ate mostly gammarids, copepods and 
polychaetes (Springer and Woodbum 1960) while stomachs of specimens larger than 50 mm 
contained mostly molluscs and barnacles. Miscellaneous items included a sea urchin (unidentified), 
gastropods (Crepidula), "sundry" small crustaceans and filamentous algae.
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Overstreet and Heard (1962) reported 113 different species utilized as food by sheepshead 
from Mississippi Sound. They found that the sheepshead diet was influenced by location, by length 
of fish sampled, and by season in which fish were collected. A greater percentage of fish from 145 
to 350 mm TL fed on molluscs and plants than did larger fish. More than 38% of the large fish 
contained crustaceans, polychaetes (including Nereis succinea and Diopatra cup red), molluscs, and 
fishes, whereas only molluscs and crustaceans occurred in small individuals. Fishes (mostly Anchoa 
mitchilli) were common only in large sheepshead, and mostly in the spring. While common in the diet 
throughout the year, polycheates occurred most frequently in summer and crustaceans most frequently 
in spring. Overstreet and Heard (1982) also observed that when sea-grasses or algae were plentiful, 
sheepshead would occasionally feed heavily on these plants.

In addition to the references cited above, Brooks (1894), Linton (1905), Smith (1907), 
Hildebrand and Schroeder (1928), Miles (1950), Viosca (1954), Reid et al. (1956), Springer and 
Woodbum (1960), Franks (1970) and Mook (1977) provided some data on sheepshead food contents.

Sheepshead are opportunistic omnivores. Most of the literature indicates that small 
sheepshead ( <  50 mm) live in or among grasses and eat small crustaceans. As these fish grow above 
50 mm in length they tend to move away from shore, associate with structure and firm substrate, and 
begin to eat larger crustaceans and molluscs. The dependence of sheepshead on plant material is 
unknown, although this material occurs frequently in smaller specimens. The plant material may have 
been incidental to foraging for small crustaceans on the plants, or vise versa. In Louisiana, where 
grass beds are not common, young sheepshead probably depend upon small crustaceans for food.

Availability of structures upon which barnacles and other forage food attach is important to 
sheepshead as shelter and a source of food. The removal of such structure (oil and gas platforms) 
could reduce the forage habitat of sheepshead. The sheepshead population may be artificially high 
now due to the increased structural habitat and the population may be reduced when the structures are 
removed or reduced.

2.7 Pathology

Sheepshead are commonly parasitized by many protozoans, including ciliates such as 
Trichodina sp. (Overstreet and Howse 1977), and the dinoflagellate Amyloodinium ocellatum 
(Overstreet 1978). Other parasites of sheepshead, some possibly pathogenic include: trematodes 
(Hendrix and Overstreet 1977) such as Multitestis rotundus (Spracks 1957), Megasolena archosargi 
(Sogandares and Hutton 1959), Lepocreadium archosargi (Corkum 1959) and Cotylogaster basiri 
(Overstreet 1978); nematodes including Thynnascaris habena (Norris and Overstreet 1975) and 
Hysterothyladum reliquens (Overstreet and Heard 1982); and an isopod, Lironeca ovalis, found in the 
gill chambers (Overstreet 1978).
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Overstreet (i978) also reported a unique parasitic relationship in sheepshead. Myxosporidians 
generally parasitize cold-blooded vertebrates; however, one species (Fabespora vermicola) infects a 
fluke (Trematode) that occurs in the intestines of sheepshead.

2.8 Behavior and Habitat Description

Sonnier et al. (1976) and Putt et al. (1986) reported sheepshead in western Louisiana 
associated with oil and gas structures inshore to about 50 kilometers offshore in waters no greater 
than 40 meters. Similarly, in the eastern Gulf they were present year round on reefs in 12-18 meters 
o f water (Hastings et al. 1975, Smith 1976). Adkins and Bowman (1976) caught sheepshead in 
dredged canals in coastal Louisiana; some were completely blocked, indicating these fish had been 
there since the last storm surge, which may have been several years previous. Until the advent of the 
trawl fishery near Grand Isle, more sheepshead were caught over rougher water bottoms east of the 
Mississippi River than on smoother bottoms west of the river (Jennings 1985, Darnell and Kleypas 
1987, Darnell et al. 1983). Perry (1986) presented evidence that sheepshead may aggregate in certain 
areas, but numbers captured were too low to be statistically significant. Dugas (1975) caught more 
sheepshead at night during July, but again numbers were too low to be statistically significant.

Gunter (1956) described sheepshead as euryhaline after collecting fish in water ranging from
2.2 to 29.9 ppt salinity, but they have been caught in salinities as high as 80 ppt (Gunter 1945). 
Springer and Woodbum (1960) collected sheepshead from salinities of 5 to 35 ppt and from 12.8 to
32.5 °C. Herald and Strickland (1948) regularly collected sheepshead from the freshwater of 
Homosassa Springs, Florida. Sheepshead were collected from salinities of 0 to 26.8 ppt and 11.0 to
34.1 °C in the St. Johns River, Florida (Tabetz 1967). Sheepshead were fairly common in salinities 
of 40 ppt or less in the Upper Laguna Madre, Texas (Simmons 1957).

Young-of-the-year enter North River, Florida in June continuing until late fall (Herald and 
Strickland 1948). Sheepshead were found only in vegetated areas of Cedar Bayou, Texas and young- 
of-the-year were taken in Mesquite Bay in winter when Cedar Pass was dosed (Simmons and Hoese 
1959)\ Springer and Woodbum (1960) found young-of-the-year occurring in the Tampa Bay area 
from June through October.

In Louisiana, young-of-the-year sheepshead were first found in seine samples in May. These 
fish grew to a mean size of about 150 mm by their first winter (Figure 2.8).

In Alabama, sheepshead less than 25 mm long were taken in May at salinities below 5 ppt 
(Swingle and Bland 1974). Seventy percent of all specimens were taken in the fall and winter. 
Juveniles seem to only sojourn in the river or marsh habitat before returning to the bays, but some 
reenter the rivers in fall and winter (Swingle and Bland 1974). Available data suggest that some 
juvenile sheepshead use marshes as a nursery ground, but it is not known whether all juveniles are

DRAFT 9



SHEEPSHEAD 2 / 3 / 9 7

marsh dependent. Sheepshead adults aggregate around oil rigs, oyster reefs, wrecks, jetties, and other 
structure which have marine growth, particularly barnacles.
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3.0 DESCRIPTION O F THE FISHERY

1.1 History of Exploitation and Harvest

The first recorded commercial sheepshead harvest for the Gulf of Mexico was from Texas, 
where, in 1890, 778,800 lb were landed. Commercial harvest then declined until 1923 when landings 
were only 140,610 lb. Overharvest by haul seines and gillnets was implicated in this decline (Higgins 
and Lord 1926).

The average yearly commercial sheepshead harvest in Louisiana between 1945 to 1981 was 
142,697 lb (NMFS). Between 1982 to 1989 landings averaged 1,193,345 lb, and have increased to 
over 3,000,000 lb annually since 1990 (LDWF).

During most of this century, sheepshead have been harvested commercially using trammel net 
and haul seines. By 1989, trammel net landings were almost non-existent, with the harvest almost 
evenly divided between gillnet and trawl. Harvest o f sheepshead by gillnet is now only permitted by 
holders of a pompano permit issued by the state, using a net of at least 5.5 inch stretch mesh and only 
during a restricted season. These restrictions will likely reduce gillnet harvest of sheepshead in 1996 
and beyond.

Sheepshead were once a more popular tablefare than they are today, with many restaurants in 
New Orleans at the turn of the century featuring sheepshead on the menu. In 1931, sheepshead 
commanded the same price ($0.08 per pound) as red drum (Sciaenops ocellatus)(l3th Biennial 
Report, La. Dept, o f Conservation). Because of the excellent quality off its flesh, sheepshead is likely 
to be in demand for years to come.

In 1993, sheepshead surpassed the other edible inshore finfish species in total pounds landed 
(Table 3.1). Because of the numerous harvest and gear restrictions recently placed on various species 
throughout the Gulf and low consumer interest in sheepshead, they are often used to substitute for red 
snapper {Lutjanus campechanus), spotted sea trout (Cynoscion nebulosus), red drum, and other fish 
on restaurant menus. They are also often sold under other names such as sea bream and ocean perch. 
Sheepshead filets may also be wrapped in cheesecloth, boiled in crab seasonings and used to make a 
good quality imitation crab meat which may also be mixed with crabmeat, yielding a product which 
has an increased wholesale value over the fish itself.

Sheepshead are rarely targeted by Louisiana anglers, still 1,311,733 lbs. were landed in 1995. 
They provide excellent sport when hooked but are notorious bait stealers (Viosca 1954).
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Because several fishing gears harvest more than one species of fish, it is impossible to isolate 
the economic impact of one species. Nevertheless, sheepshead are important economically in many 
ways. They provide a good quality fish for restaurants during times of the year when little else is 
available, and allow gainful employment to otherwise idled fishermen. Sheepshead were until recently 
a major component of the gillnet fishery.

3.2 Commercial Fishery

3.2.1 Description nf Commercial Fishing Activities

Traditionally, sheepshead have been a bycatch fishery. Fisherman using gillnets or trammel 
nets retained sheepshead only if room permited after other, more valuable species were harvested. 
Some trawlers retained sheepshead when quantities were abundant or the price was high. Very little 
directed fishing for sheepshead occurred until 1987 when shrimp trawlers, particularly west of the 
Mississippi River, began targeting sheepshead in late winter and early spring.

The fleet now includes medium and large shrimp vessels utilizing shrimp trawls (1 ‘A" to 2" 
mesh webbing) and larger mesh "fish" trawls (3" to 4" stretched mesh webbing). The trawl size and 
towing speed varies by boat; generally the larger-meshed trawls are smaller and are pulled much 
faster than those of smaller mesh. Most fishermen pull two to four nets at a time. Both methods are 
highly efficient in capturing schooling sheepshead and can sometimes harvest over 20,000 lbs. in one 
or two day trip (Pers. Comm., Wayne Estay 1990).

Russell et al. (1986) reported sheepshead was a major bycatch component in haul-seine 
fisheries for black drum (Pogonias cromis) in Lake Pontchartrain. A 1989 ban on the use of spotter 
planes to locate black drum had little effect on sheepshead landings, because haul seines and strike 
nets accounted for only 15.7 % of Louisiana’s sheepshead landings for 1989 (NMFS).

Other gears utilized by Louisiana commercial fishermen to capture sheepshead include hand 
and troll lines, purse seines, butterfly nets, long lines (bottom and top) and mid-water trawls. The 
total combined catch for these gears has never exceeded 2 % of the yearly landings (NMFS). Purse 
seines and haul seines are now prohibited in state waters. As of March 1, 1997, trawls and rod and 
reel will be the only legal commercial harvest gear in Louisiana.
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3.2.2 Trends in Commercial Fishing and Harvest

Some of the earliest records from Louisiana show harvests of 249,000 lbs in 1908, 276,528 
lbs. in 1918, 193, 344 lbs. in 1923 and 182, 615 lbs. in 1927. From 1890 to 1923, commercial 
sheepshead landings in Texas steadily declined (Higgins and Lord 1926), despite an increase in other 
finfish landings (Figure 3.1). Before that time, the sheepshead was one of the three most abundant 
species caught for market. Quast et al. (1989) reported that sheepshead landings in Texas increased 
following the prohibition of red drum and spotted seatrout sales in 1981.

After remaining fairly constant for many years, Louisiana landings have increased ten fold in 
the last decade (Figure 1.3). From 1930 to 1980, Louisiana annual landings have ranged from 26,200 
lb in 1940 to 312,600 lb in 1969 with an average annual landing of 129,850 lb. Since 1985, landings 
have steadily increased until 1993, when landings were 3,763,796 pounds with a reported dockside 
value o f 1,094,911 dollars (Figure 3.2), and have remained over 3 million lbs. since. Methods of 
harvest have changed over time due to changes in technology, market conditions and lately, 
legislative decree.

Gillnets ("set" and "strike") contributed the largest proportion of the harvest in Louisiana by 
1989, totaling over one million pounds (NMFS). Landings fluctuate seasonally, with the largest 
numbers taken during cooler months (Figure 3.3). Over 98% of gillnet caught sheepshead come from 
inshore waters and most trawl caught fish are harvested offshore (NMFS). Wilson et al. (1988) 
observed that dominant age classes in commercial gill net catches were 2 and 3 year olds, while 
sheepshead caught offshore in trawls were mostly by 5-8 year old fish (Figure 3.4).

Until the mid-1980s, sheepshead were landed by trawlers exclusively as a by catch. While a 
portion o f the trawl landings are still incidental, trawlers now target sheepshead directly and also 
catch them while targeting black drum. This has led to a sharp increase in the number o f sheepshead 
caught in trawls in the last 4 years. From 1979 to 1985, monthly trawl landings peaked during the 
spring trawling season (Figure 3.3). Since 1986, monthly landings increased in the fall also, 
reflecting the "fish" trawling activities. Trawls are now the principal means of commercial 
sheepshead harvest in Louisiana.

Until the recent restrictions on harvest of finfishes by gillnets, two distinct commercial user 
groups exploited sheepshead, gillnetter and trawler, each accounting for roughly 50% of the landings 
in 1989. The fish-trawl fishery is mainly conducted during the cooler months, and generally by 
fisherman who consider themselves "shrimpers". These fishermen use the same boats and in many 
cases the same trawls used for shrimping. Sometimes they target both black drum and sheepshead, 
but when asked most say they are fishing for sheepshead.

Trammel nets at one time were a major contributor to commercial sheepshead landings 
(NMFS). In 1972 trammel nets accounted for over two-thirds of Louisiana's commercial landings.
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Trammel net landings also showed seasonal variability with more landings in the cooler months 
(Figure 3.5). Proportionally trammel net harvest contributions have decreased because of reduced 
landing from trammel nets and an increased use of other gears. In 1989, trammel net catch was less 
than 1% of the 1987 level, and made up only 0.1 percent of the 1989 landings.

Commercial sheepshead landings from the Gulf of Mexico show a trend similar to Louisiana 
(Figure 3.6). Average annual commercial landings of sheepshead in all Gulf states excluding Texas, 
increased in the 1980s as compared to landings in 1970s. Landings along Louisiana and the west 
coast of Florida continued to increase from 1990 thru 1994 while the other Gulf states declined. All 
gulf states showed some decrease in sheepshead landings in 1995, except Texas. Texas banned the 
use of all gill nets in 1988 and their commercial landings dropped dramatically; average yearly 
landings for the 1990s are 15 % of the 1980s yearly average (NMFS).

3.2.3 Mariculture

Sheepshead have been artificially spawned and reared in Florida (Tucker 1987). Relatively 
low price and market demand, as well as low dress-out yield make it uneconomical to culture 
sheepshead at present.

3.3.3 Economics of the Commercial Fishery

An economic analysis of a commercial fishery will involve dockside values. However, using 
only dockside prices will not measure the total benefit of the fishery to society. Commercial 
fishermen may accept lower financial returns and more uncertain benefits to remain within their 
occupation. There may be other non-monetary values the fisherman receives, such as more freedom, 
the aesthetic setting, wildlife seen while fishing, etc. Dockside value will not completely capture this 
value.

,The total benefit to consumers of sheepshead is greater than a dockside price. Total benefits 
include the dockside price, any value added, and the willingness of some consumers to pay more than 
the market price. Value added is any processing or preparation of the fish. Some consumers would 
be willing to pay more for sheepshead than the market price because they derive more satisfaction 
from its consumption. The total benefits to the Louisiana economy would include all these items.

Dockside values are useful in trend analysis of the fishery. Economic data associated with 
Louisiana's commercial landings of sheepshead for 1980-94 is contained in Table 3.2. Landings have 
increased from slightly over 126 thousand pounds in 1980 to over 3 million pounds in 1994. 
Further, price per pound has increased from $0.12 per pound in 1980 to $0.31 in 1994. The value 
o f the sheepshead fishery in Louisiana was over one million dollars in 1994.
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Information on annual landings, prices, and total value are shown graphically in Figures 3.10, 
3.11 and 3.12. The first two graphs showing landings compare the price trends, nominal and real. 
The effect of inflation on prices is removed by adjusting the price by the consumer price index (base 
period of 1982 to 1984). Since 1985, the price per pound for sheepshead has been going up.

As can be seen from the table, sheepshead have a relatively low dockside value and a low 
percentage of the total value of Louisiana's commercial seafood industry. However, sheepshead are 
recognized for the fine quality of their flesh, but because of their extremely low yield (about 20 
percent, Jerald Horst, pers. comm. 1986), they command a relatively low price. The demand for 
sheepshead is dependent on the relative abundance and availability of other more "desirable" species, 
such as spotted sea trout. At times of peak demand (lenten season), fishermen in the New Orleans 
area have received as high as $0.75 per pound, while the average price per pound in Louisiana for 
1994 was $0.31.

While prices are low when sold as sheepshead, this fish is traded under many pseudonyms 
(sea bream, ocean perch, etc.) and is rarely sold in restaurants as itself, but rather as spotted seatrout, 
"fish" or as other regionally acceptable species across the country. The filets are wrapped in 
cheesecloth, boiled in crab seasonings, and used to "stretch" crabmeat, in which form its value may 
exceed $10.00 per pound wholesale.

Since the sheepshead fishery comprises a single component of Louisiana's commercial fishing 
sector, it is important to identify the change in commercial harvesting revenues that would be 
associated with a decline in commercial catches of sheepshead. Overall industry revenues may not 
decline proportionately with declining landings because commercial fishermen can often redirect 
efforts to other species. Thunberg et al. (1991) concluded that restrictions on red drum harvest led 
to only a moderate decline in revenues from Florida's near-shore fishery because fishermen were able 
to redirect efforts to other near-shore species. They also found the ability to switch to other species 
was geographically dependent. Caution should be exercised when applying these results to Louisiana. 
Furthermore, the ability to redirect commercial effort will become increasingly limited as additional 
restrictions are placed on more species.
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3.3 Recreational Fishery

3.3.1 Description of Recreational Activities

The Louisiana state record, also the world record, sheepshead, was landed by Wayne J. 
Desselle in April 1982 and weighed 21 lbs., 4 oz. (L.O.W.A. 1989), although Gowanloch (1933) 
stated that 30 lbs. sheepshead have been caught. Sheepshead are not often sought after by saltwater 
anglers, as techniques for catching sheepshead are different than those used in angling for other 
species. Viosca (1954) stated "today, with a greater variety of tackle, new fads in artificial baits, more 
fishing places available, and more fish species to choose from, this art is apparently on the decline, for 
this is one fish that refuses artificial lures of any description. The special art o f sheepshead 
fishing...seems to be restricted to a relatively small group of vanishing Americans." Louisiana anglers 
are more likely to catch them in the late fall and winter (Figure 3.7), although larger fish are generally 
caught in the spring (Figure 3.8). Guillory and Hutton (1990) reported that during a creel survey in 
southeastern Louisiana during 1975-1977, sheepshead were more likely to be caught in marsh or bays 
and lakes, as opposed to the beach, passes or the Gulf of Mexico.

Sheepshead are usually caught by hook and line using a small piece of bait, such as shrimp 
and hermit crab. Since their mouths are relatively small but very strong, a small, stout hook works 
best. Sheepshead tend to nibble at the bait with their notched incisor teeth, and the angler must be 
quick to set the hook. They are somewhat of a challenge in that more often than not they will steal 
your bait. Viosca (1954) stated "The sheepshead is essentially a bottom feeder. Sometimes it will 
come up to the surface alongside pilings to graze on barnacles and other attached animal growths, and 
it will even bite near the surface at the oil rigs; but in inland waters your best chance of catching them 
is when fishing near the bottom... You will not find them on plain bottoms, mud or sand. They graze 
chiefly on hard, rough reefs or in the grass like cows."

Typical gear employed by Louisiana fishermen to catch sheepshead is a short, stout rod and 
reel rigged with a small, strong hook. Favored baits include cut crab and shrimp; some use hermit 
crabs* oysters, fiddler crabs, and sand fleas (Viosca 1954). Nearby structure is sometimes scraped 
with a hoe to release broken barnacles into the water; dog food and crushed crabs or shucked oyster 
shells are also used to chum or bait sheepshead.

3.3.2 Trends in Recreational Effort and Harvest

. . Even after increased efforts of sports writers and magazines to bolster the popularity of 
sheepshead, angler indifference persists. While there is a small group o f fishermen who target this 
species, most are inclined to retain sheepshead only if little or nothing else is caught.
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In Texas, 1 % of saltwater anglers targeted sheepshead between 1974 and 1987 (Osbum et al. 
1988). The same study also reported that 1986-87 sheepshead landings equaled 1974-76, but 1986-87 
were almost twice 1985-86, though mean fish length and weight declined.

Louisiana recreational landings figures fluctuated widely from 1980 to 1989 (Figure 3.9), 
showing no apparent trends. In 1984, sheepshead made up 4.1% of the recreational catch in 
Louisiana, ranking it sixth in numbers caught (Table 3.3, Adkins et al. 1990). Sheepshead can 
occasionally fill an otherwise empty gap in a poor day's fishing, possibly enhancing the value of that 
experience to the angler. Though more restrictions have been placed on both recreational and 
commercial fishermen, this species has seemingly not increased in desirability or selected targeting by 
recreational anglers from the information available to date.

3.3.3 Economics of the Recreational Fishery

Recreational fishing is a highly diverse activity and has economic value. Participants are 
seeking a recreational experience and are willing to pay more for this activity than it actually costs 
them. Households actually "produce" recreational trips by allocating their time, buying market 
services, and combining these with publicly provided natural resources (McConnell and Strand 1994). 
The value of recreational fishing is variable across individuals and trips. It will depend on many 
conditions—the quality of fishing, the weather, the skill of the angler, etc.

There are two kinds of economic value for recreational fishing. One is the access value to a 
resource. Access pertains both to the overall opportunity for fishing and to the opportunity for fishing 
in specific locations. The value of access is what anglers would pay rather than do without or the 
amount they would accept in compensation for their loss of access. The second kind of economic 
value is the value o f catching an additional fish. This is the amount an angler is willing to pay to 
catch more fish, larger fish, or more desirable fish. This amount will depend on many things, such 
as the, species sought, the time when fishing takes place, the mode of fishing, the weather, 
environment, etc.

The estimation of the value of a recreational fishery such as sheepshead will involve the 
measure of species specific effort and the expenses incurred. There have been several studies made 
to collect total numbers of recreational fishermen, percentage of fishermen targeting various species, 
average number of fishing trips per year, and expenditures per trip. Data from these studies have 
been highly variable among studies, even over the same time period. Conclusions drawn from these 
studies should therefore be viewed with caution.
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Recreational fishing effort depends primarily upon the number of fishermen and number of 
trips per fisherman. Individual fishing effort is largely a function of the expenses incurred in the 
activity and the perceived benefits received from the activity. As costs rise and benefits remain the 
same, effort tends to decrease. Costs can increase through increased spending, in relation to other 
leisure activities, or as a fraction of disposable income. Anglers can receive both tangible and 
intangible benefits from fishing activities. Tangible benefits include the number or quality of fish 
caught Intangible benefits can be enjoyment of the outdoors, change in routine, companionship, etc.

Fishing effort will continue as long as the economic costs are not greater than the angling 
satisfaction (or what economists call utility). Fishing net benefits (satisfaction minus costs) may 
decline due to satiation, declining catch per angler, congestion at favored locations, degradation of 
aesthetic value o f trips, or from increased fishing costs.

Direct expenditures per trip for marine recreational anglers in Louisiana were estimated at $53 
(Kelso et al. 1992), $64 (Bertrand 1984), $75 (Kelso et al. 1991), and $133 (Titre et al. 1988). Direct 
expenditures include spending for automotive and boat fuel, lodging, food and drinks, ice, boat launch 
fee, bait, and other expenses directly related to the trip. In addition to trip expenditures, anglers 
purchase equipment (boats, motors, trailers, vehicles) and speciality gear. This equipment is used for 
more than one trip and even over several years. Their cost needs to be allocated over time. Published 
annual estimates o f these expenses vary widely depending on what is included: $698 (U.S. Fish and 
Wildlife Service 1993), $824 (Kelso et al. 1991), and $1108 (Kelso et al. 1992).

Bertrand (1984) estimated total annual expenditures by saltwater anglers in Louisiana as 180.6 
million dollars. Estimates can also be calculated from other surveys. From a 1985 survey, the U.S. 
Fish and Wildlife Service (1988) estimated that state residents spent a total of $197 million dollars on 
saltwater fishing expenses, including equipment and trip-related expenses. Nonresident anglers spent 
an estimated $37.6 million in trip-related expenses in Louisiana. To estimate total nonresident 
expenses, nonresident data was adjusted to include equipment expenses in the same proportion as 
resident spending.- This yields total saltwater expenses of $210 million. From the next survey in 
1991,..the U.S. Fish and Wildlife Service (1993) estimated expenditures of 158.8 million dollars by 
state residents on saltwater angling. If the ratio of nonresident to resident expenditures is the same as 
in 1985, then the total saltwater fishing expenditures would have been $167.7 million.

Direct expenditures for the fishing trip may be less than the angler would be willing to pay for 
the whole experience. The difference between the costs o f the trip and what the angler is willing to 
pay is called consumer's surplus. This is a measure of the value that the angler receives for benefits 
other than the fishing activity. Titre et al. (1988) found that the average recreational user would be 
willing to pay approximately $320 to $360 annually for the right to recreate in Louisiana wetlands 
under certain conditions of harvest, catch, and amenity situations. This $320 to $360 represents an 
estimate of the consumer's surplus and when added to direct expenditures, provides a total economic 
value for an angler's trip.
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Sheepshead are rarely a primary target species for recreational anglers. In a 1991 survey of 
recreational anglers, Kelso (1992) asked respondents to list their preferred choices of saltwater 
recreational species. Anglers responded with their top three preferences. Combining the three 
choices, sheepshead was targeted less than one percent of the time. Survey results from 1990 
indicated similar conclusions.

\
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4.0 RESEARCH NEEDS

The following data needs and priority research areas have been identified:

1) Fishery Dependent Data Collection

This includes characterization of commercial gear types utilized, areas fished, size of harvest, 
age o f harvest, reproductive data, and other trip specific information not available through standard 
NMFS reporting methods. This information is necessary because it allows more accurate identification 
of the fishery, e.g., extrapolations of catch per effort, water-body specific landings, and length or age 
frequency o f the harvest, for stock assessment purposes.

Recent legislation has brought substantial change to the character of the sheepshead 
commercial fishery, as well as other estuarine fisheries, and their associated markets. Close 
monitoring will be necessary in order to react properly and in a timely manner to changes in the 
fisheries as effort and gear are redirected.

Current methods available for monitoring recreational impact and changes are limited. 
Additional surveys of recreational fishermen are needed to improve catch per effort information and 
detect changes in the important recreational species composition by size, age, etc. This would allow 
us to more precisely monitor changes and evaluate existing management measures.

In the presence of changing regulations, fishery-dependent information is not a reliable source 
of data for assessing the status of a fish stock. However, such data are necessary to measure the 
effects of fishing on that stock. Consistent fishery-dependent and fishery-independent data sources, 
in a comprehensive monitoring plan, are essential to understanding the status of fishery stocks, and to 
identifying causes of changes in stock abundances. Present programs should be assessed for adequacy 
with respect to their ability to evaluate stock status, and modified or enhanced to optimize their 
capabilities.

Social and economic information is needed on participants of the sheepshead fishery. 
Information on other fisheries that these sheepshead fishers participate in, processing and marketing 
cost, investment, operating and harvesting costs, could help identify the health of the industry and 
impacts o f regulatory changes on participants in the fisheries. In addition, a description of the 
marketing system, product forms and value added estimates by the various marketing sectors is 
needed.
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2) Fishery Independent Data

Fishery independent monitoring provides population structure data rather than harvest 
information. This provides relative abundance, indices of relative year class strengths, and success of 
spawns. It also helps management by targeting segments of sheepshead populations (and other 
species) where life history information is lacking.

Researchers have suggested the need for studies to characterize habitat selection in terms of 
spatial and temporal variation relative to other life history events that influence reproductive success. 
By understanding the habitat selected for spawning, the quantity and quality of suitable habitat and 
other parameters, variation in spawning success could be better understood given specific 
environmental conditions.

3) Tagging

This type of information allows insight to movements and behavior. Additional information 
on ages, growth and maturation is needed to assist in determining the spawning stock biomass. The 
extent of migrations within the range of the species is not known.

4) DNA Electrophoresis

Analysis of genetic samples are needed to determine if different stocks exist, and to examine 
the possible importance of interactions between stocks in different areas of Louisiana or Gulf waters.

5) Age and Growth

Characterization of this species' ages through use of otolith and various validation techniques 
should be continued and encouraged.

\
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Table 3.1 - Louisiana Commercial Finfish Landings ($)

YEAR Sheepshead Red Drum Speckled
Seatrout

Black
Drum

1962 151,500 567,200 308,800 308,900
1963 177,100 465,600 380,400 343,600
1964 138,300 311,700 290,500 306,500
1965 103,600 471,200 398,200 194,700
1966 156,200 531,400 646,600 247,300
1967 170,100 653,900 620,700 264,400
1968 161,300 740,900 619,000 359,900
1969 312,600 782,100 719,600 478,300
1970 224,300 789,200 786,300 434,200
1971 239,400 723,700 1,122,100 505,800
1972 171,781 688,668 1,699,834 539,935
1973 169,503 1,183,789 2,527,023 541,141
1974 136,148 1,436,090 2,124,476 439,844
1975 100,956 1,362,078 1,896,686 275,105
1976 101,734 2,212,439 1,611,205 579,135
1977 132,937 1,435,381 1,083,950 582,969
1978 166,242 1,218,797 682,016 580,207
1979 249,495 1,056,697 798,328 535,993
1980 129,989 724,777 604,255 471,656
1981 129,610 898,585 586,859 288,988
1982 296,758 1,454,583 727,606 1,690,712
1983 543,416 1,938,615 1,340,625 1,858,879
1984 807,188 2,608,383 973,250 1,975,626
1985 719,936 2,933,573 1,161,598 3,421,325
1986 962,698 7,817,694 1,978,038 5,225,976
1987 1,917,953 4,571,177 1,801,874 8,020,901
1988 1,848,679 245,365 1.433,408 8,756,913
1989 2,450,139 24,811 1,488,878 4,405,882
1990 2,767,046 2,406 648,645 2,875,627
1991 2,425,138 0 1.220,231 1,914,090
1992 3,063,942 0 971,483 3,014,135
1993 3,763,796 1,884 1,138,070 3,178,195
1994 3,289,426 2,957 1,023,687 3,738,821
1995 3,266,482 0 658,084 2,999,438
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Table 3.3 Number of individuals, percent o f catch, and percent of species kept caught by La. 
recreational anglers in 1984. (Adkins etal. 1990)

Species % Catch % Kept

Red Drum (Sciaenops oceUatus) 19.8 93.7
Sea Catfish (Ariusfelis) 19.2 4.7
Spotted Seatrout (Cynoscion nebulosus) 18.8 86.7
"Silver Seatrout" (Cynoscion spp.) 12.4 90.8
Atlantic Croaker (Micropogonias undulatus) 6.7 69.1
Sheepshead (Archosargus probatocephalus) 4.1 59.5
Black Drum (Pogonias cromis) 3.3 68.6
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Figure 2.2 The relationship of sheepshead gonosomatic index to time.

Source:Wilson et al., 1989



o

Figure 2.3 Percent oocyte stage by month from February 1987 through 
June 1988. Stages include: primary growth (P), cotical 
aveolar (CA), vitellogenic (V) and hydrated (H).

Sour c e :  Wi l son e t  a 1 . ,  1989
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Figure 3.10 Landings of Sheepshead
Louisiana, 1980 through 1994.
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Figure 3.11 Landings of Sheepshead 
Louisiana, 1980 through 1994.
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SUMMARY OF CHANGES FROM 1996 ASSESSMENT

This summary provides a quick reference of substitutive changes in methods or 
corrections in this years assessment from the 1996 assessment conducted for sheepshead.

Section 5.2 N atural M ortality

• The reference to 90% and 99% mortality corresponding to M l%  and MO. 1% described in 
the function by Alagaraja (1984) was incorrect. The correct reference should be 99% and 
99.9%.

Section 5.6 Status of the Stock
• The calculation o f fishery-independent mean catch-per-effort for trammel net and seine 

samples was changed from using an arithmetic mean of positive samples to using a log 
transformed mean o f all samples. The function is described as follows:

Mean CPUE = ( exp ( £ ln  ( catch +1 ) / N ) ) - l

where, catch is the total number caught in each set and, N is the number o f samples taken 
annually. This method accounts for all samples taken and reduces the impact of 
occasional large catches on the estimate of CPUE.
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SHEEPSHEAD

5.0 STOCK ASSESSMENT

This assessment uses yield-per-recmit (YPR), Spawning Potential Ratio (SPR) and catch 
curve analyses to estimate the impact of fishing pressure on potential yield and the spawning 
potential o f the sheepshead stock in Louisiana waters. Estimates derived from YPR and SPR are 
based on information regarding the growth rate and spawning potential o f the fish, and on 
estimates of the natural mortality rate (M) and fishing mortality rate (F) on the stock. 
Catch-curve analysis estimates disappearance rates (Z1) from the fishery based on the relative 
abundance o f each age class in the harvest. The results from this assessment provide a 
generalized approach towards estimating the impact o f fishing on the spawning potential and 
potential yield of the fish stock. The spawning biomass of females is assumed to be the factor 
limiting the spawning potential of the stock; therefore, where possible, only data on female 
sheepshead are used. Yield-per-recmit and SPR analysis, as with many other generalized 
assessments, should be used only as a guide until a more comprehensive assessment can be 
conducted.

In developing a stock assessment, the unit stock must be defined. While a unit stock is 
often represented by that portion of the population which is genetically similar, for our purpose, 
the most applicable definition seems to be one which considers the unit stock as that portion of 
the population which is either dependent on Louisiana waters, or which is available to Louisiana 
fishermen.

51 Growth

Von Bertalanfly growth parameters developed by Wilson et al. (1988) from fish 
harvested in Louisiana were used to calculate length and weight at age for female sheepshead. 
The equations are as follows:

Female L  = 446(I-e - o ^ 1-025))
Female Wt = 2556(l-e -°22̂ 3 231))3

where, L =  length at age t, Wt= weight at age t and t = age in years. Age at length is calculated 
as:

t = 1.025 + ln( 1 -Lt/446)/-0.3 67

5.2 Natural Mortality
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Natural mortality is one part o f total mortality (Z) and is the mortality due to all causes 
other than fishing. These include predation, disease, spawning stress, starvation, and old age. 
Typically, natural mortality is estimated, as it is difficult to directly measure, especially on 
exploited fish stocks where natural mortality and fishing mortality occur simultaneously. No 
direct measure of natural mortality for sheepshead is available; therefore, several established 
estimation procedures were used to derive an estimate. The procedures are presented below and 
are taken from Sparre and Venema (1992).

Pauly (1980) provides a method o f estimating natural mortality from a set o f parameters 
including the asymptotic length and growth rate o f the fish, and the average water temperature o f 
the environment. The growth parameters from the von Bertalanfly growth equation described in 
Section 5.1 and the mean annual water temperature, derived from readings from a set o f four 
constant recorders located throughout the Barataria Bay system, were used in the calculation. 
The mean water temperature was 2 2 . T C  for the period 1989 - 1992 (pers. comm., M. Kasprzak, 
4/13/92). These values were incorporated into the length-based function of Pauly (1980):

ln(M) = -0.0152 - 0.279 * ln(L« ) + 0.6543 * In(K) + 0.463 * In(T)

where, ln(M) = natural log o f natural mortality, ln(L«, ) = natural log o f the asymptotic length, 
ln(K) = natural log o f the growth coefficient and ln(T) = natural log of the mean annual 
temperature in degrees Celsius.

Use o f Louisiana data on growth and water temperature applied to Pauly's function results 
in a natural mortality estimate o f M=0.78.

Alagaraja (1984) and Hoenig (1983) provide methods o f estimating M based on the fish’s 
lifespan or longevity, and with the assumption that M=Z. Longevity is also difficult to determine 
for exploited fish stocks, since the age distribution is usually truncated by fishing, but these 
methods are as useful as any in providing provisional estimates of natural mortality. The 
functions described by Alagaraja (1984) are:

M l%  = -ln(0.01)/Tm 
M 0.1% = -ln(0.001)/Tm

where, M l%  and M0.1% are the natural mortality rates corresponding to 99% and 99.9% 
mortality, respectively, given a fish’s lifespan (Tm) in years. Sheepshead in Louisiana have been 
aged to 20- years-old (Wilson et al. 1988). If  it is assumed that 99% or 99.9% o f the fish die by 
age 20 then the corresponding natural mortality rates for M l%  and M0.1% would be 0.2 and 
0.35 respectively.

The function described by H oenig(1983) is:
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ln(Z)= 1.46- 1.01 * ln(Tm)

where, when M=Z, longevity (Tm) can be defined as the maximum survival age. If  we assume 
that the maximum age o f sheepshead has been truncated due to fishing from 25 to 20 years, the 
resulting estimate of natural mortality, given Tm=25, would be 0.2.

Another method o f estimating M  is described by Rikhter and Efanov (1976) and utilizes 
population age at sexual maturity. The function is:

where, Tm50% is the age at which 50% of the population is mature. Age 2 is assumed the age at 
50% maturity for the sheepshead population (Wilson et al. 1988) resulting in an M of 0.77.

In summary, the estimated rates of natural mortality for sheepshead in Louisiana using a 
variety o f estimation procedures are as follow:

5.3 Disappearance Rates and Fishing Mortality

The disappearance rate (Z') from the fishery comprises the total mortality (natural + 
fishing) and some unknown rate o f decreasing availability of the fish to the fishery. I f  the 
unknown rate of availability is small or nonexistent, then the disappearance rate will be a 
reasonable estimate of total mortality. However, if a large portion o f the disappearance rate is 
due to fish not being available to the fishery, then assuming Z -Z  will overestimate the impact of 
fishing.

We estimated rates of disappearance using data from two sources. The first source is the 
commercial data collected through the Trip Interview Program (TIP) for 1994-1996 and the 
second, data from the recreational fishery (NMFS Marine Recreational Fishery Statistics Survey 
1994-1995). Fish were aged by using the growth equation presented in Section 5.1. Fish with 
lengths greater than the asymptotic length were not used in developing catch-at-age and therefore 
not used in estimating disappearance rates. The elimination o f these fish reduces the number of 
large fish that are typically older fish used in estimating disappearance and produces a more 
conservative estimate. To calculate disappearance rates, we regressed the natural log o f the 
catch-per-unit-effort against age, beginning with the age at full recruitment to the fishery. This 
method assumes that recruitment is constant and the fishery is in equilibrium. Disappearance 
rates were calculated from the commercial and recreational data by year where length frequency

M = 1.521/(Tm50%0-720) - 0.155

Pauly (1980) 
Alagaraja (1984) 
Hoenig (1983)

0.78
0.20 and 0.35 
0.20

Rikhter and Efanov (1976) 0.77
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data was available. The calculated disappearance rates ranged from 0.45 to 0.56 (Figures 5.1A-C 
and 5.2A-B).

Catch-at-age data from the commercial and recreational fishery in 1995 was used to 
derive age-specific selectivities to be used in yield-per-recmit analysis. The method presented in 
Sparre and Venema (1992) was used to develop selectivities. This method uses a linearized 
catch curve to determine the selectivity o f fish not yet fully recruited to the fishery. The ratio o f 
the observed catches to the expected catches at each age is the probability of capture or 
selectivity of the fishery at age. This selection ogive is then regressed in the equation:

ln( 1 / St- 1 ) = T1 - T2 * t

where, St = the selectivity at age t, and T1 and T2 are constants corresponding to the intercept 
and slope o f the regression. To develop theoretical or estimated selectivities at age the following 
equation is used.

St (estimate) = 1 / ( 1 +  exp( T1 - T2 * t)

Selectivities for ages up to full age-at-recmitment were used to describe the relative fishing 
mortality to that point; for age at full recruitment and older, selectivities are assumed to be 1, or 
100% selected. Selectivities are as follows:

age 0 = 0 
age 1 = 0.0011 
age 2 = 0.0271 
age 3 = 0.3785 
ages 4 and older = 1.

5.4 Yield-per-Recruit

Yield-per-recmit and SPR analysis provides basic information about the dynamics of a 
fish stock by estimating the impact o f mortality on yield and the spawning potential of the stock. 
The results can be examined as to the sensitivity o f natural and fishing mortality rates on yield 
and spawning potential.

The growth parameters described in Section 5.1, sexual maturity described in Section 5.2 
and the age-specific selectivities described in Section 5.3 were incorporated into the 
yield-per-recmit and spawning potential analysis. Fecundity estimates were not available, 
therefore; mean weight at age was used in the estimation o f spawning potential. Natural 
mortality rates o f 0.2 and 0.3 were used in the analysis because they are on the lower end o f the 
range o f estimates and would provide the most conservative results. These rates are also used to 
describe the sensitivity o f M  on yield and spawning potential. The results are presented in Table
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5.1, which contains estimates of Fmax (fishing mortality rate that produces maximum yield), F0.i 
(fishing mortality rate representing 10% o f the slope at the origin o f a yield-per-recmit curve), 
F2q%spr (fishing mortality that produces 20% SPR), F3o%spr (fishing mortality that produces 30% 
SPR), and annual estimates o f F from the disappearance rates calculated in Section 5.3.

5.5 Conservation Standards

Conservation standards are intended to protect the viability o f a fish stock for future 
generations. These standards have historically been based on a number of biological measures of 
the dynamics of fish stocks, depending on the availability and adequacy o f data. Conservation 
standards should be separated into two types: a conservation threshold which is entirely 
biologically based and, a conservation target which considers biological measures modified by 
relevant social, economic, and ecological factors. A conservation threshold is a biological 
baseline for the harvest o f a fish stock and should not be exceeded. It is the highest level of 
fishing mortality that will ensure that recruitment overfishing will not occur. Beyond the 
conservation threshold, a conservation target may be set, providing for other management goals 
in the fishery. Such goals may include maximizing yield in weight or numbers of fish, economic 
benefits or profit, employment, or some other measurable goal. These targets should be set at a 
fishing mortality rate below that of the conservation threshold in order to ensure that the 
biological integrity of the stock is not damaged by fishing.

The spawning potential ratio (SPR) concept described by Goodyear (1989), is a species 
specific value expressed as the ratio o f the spawning stock biomass (or egg production) per 
recruit (SSB/R) in a fished condition to the SSB/R in an unfished condition. The concept is 
based on the premise that below some level o f SPR, recruitment would be expected to be 
reduced. Goodyear (1989), recommends that in the absence o f sufficient data to provide a value 
specific to the stock in question an SPR of 20% be used as a threshold. Work on North Atlantic 
ground fisheries also resulted in the calculation of a threshold SPR of 20% (Gabriel et al. 1984, 
Gabriel 1985). An SPR o f 20% has been recommended for Spanish and king mackerel in the 
Gulf o f Mexico (National Oceanic and Atmospheric Administration/National Marine Fisheries 
Service 1995), while an SPR o f 8-13% has been demonstrated to be sufficient for gulf menhaden 
(Vaughan 1987). In earlier analyses of Louisiana spotted seatrout fisheries (Louisiana 
Department o f Wildlife and Fisheries 1991), an SPR threshold of 15% was recommended, based 
on several years o f data. Mace and Sissenwine (1993) examined 90 stocks of 27 species, and 
reported that the average replacement SPR for all these stocks was 18.7%, while the most 
resilient quarter of the stocks required a maximum o f only 8.6% SPR. These authors 
recommended an SPR of 30% be maintained when there is no other basis for estimating the 
replacement level, as this level was sufficient in maintaining recruitment for 80% of the stocks 
they examined. However, they noted that 30% may be overly conservative for an "average" 
stock, and reiterated the need for stock-specific evaluations of standards to enhance both safety 
and benefits in the fishery.
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Sufficient information is not available to directly estimate a conservation threshold for 
sheepshead in Louisiana. However, the conservation target of 30% SPR established by the 1995 
Regular Session o f the Louisiana Legislature for black drum, sheepshead, southern flounder, and 
striped mullet appears to be adequate to maintain the sheepshead stock and prevent recruitment 
overfishing.

The use of any measure o f the health of a fish stock as a perfect index is arguable. It is 
logical to conclude that growth overfishing should occur at a much lower fishing rate than that 
which would threaten recruitment. However, Mace and Sissenwine (1993) provide information 
to suggest that some stocks may have reduced recruitment at levels o f fishing that would not 
reduce yield-per- recruit. The preferable position for making recommendations on appropriate 
levels o f fishing for a stock is to base those recommendations on actual measures of spawning 
stock size and recruitment for both the species and fishery in question. This requires a base of 
information resulting from monitoring o f both the stock and the fishery over a variety of 
conditions. Without this information, conservation standards may either underestimate or 
overestimate the potential o f a fishery. If  the potential is underestimated, society loses the 
economic and social benefits of the harvest. If the potential is overestimated and the fishery is 
allowed to operate beyond sustainable levels, society loses the benefits of a sustainable fishery, 
and recovery will require some period of rebuilding, when effort must be reduced from the 
non-sustainable levels (Hilbom and Walters, 1993). Some researchers have speculated that 
overharvest o f some stocks may lead to their replacement in the ecosystem by other, often less 
preferred, stocks. The frequency o f such replacements is unknown, and the cause o f shifts in 
species predominance in an ecosystem are difficult to ascertain, even after the fact. Such a shift 
has been reported in the Georges Bank area, where prolonged, intense harvest o f cod and 
haddock has been implicated in gradual increases in skate and spiny dogfish populations 
(National Oceanic and Atmospheric Administration 1993).

5.6 Status o f the Stock

Sheepshead were lightly exploited until the early to mid-1980s when commercial harvest 
began to increase (Figure 5.3). Commercial landings have gone from 0.2 million pounds in the 
early 1980s to 2.4 - 3.7 million pounds in the early 1990s. Harvest from the recreational fishery 
has remained stable, between 0.4 and 1.3 million pounds, for the years examined (1981-1995), 
and were equal to those o f the commercial fishery until 1987 when the commercial fishery began 
to expand (Figure 5.4). Mean catch-per-trip from the recreational fishery was calculated by 
selecting those trips that had sheepshead in their catch. The results are presented in Figure 5.5 
along with 95% confidence limits around the mean. The catch-per-unit-effort (CPUE) indices 
fluctuated with no indication of a long-term downward trend. The only statistically significant 
reduction in CPUE occurred in 1986 and 1987, being significantly lower than 1983, 1992, and 
1993. Catch-per-effort data from the Departments, fishery-independent trammel net (750' - 1 
5/8" inner, 6" outer wall) and small mesh bag seine (50' -1/4” delta mesh) samples were 
calculated as follows:
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Mean CPUE = ( exp ( £ ln  ( catch +1 ) /  N )) -1

where, catch is the total number caught in each set and, N is the number o f samples taken 
annually. Trammel net data were used for the period 1986-1996, and seine data were used for 
the period 1992-1996. Seine and trammel net CPUE fluctuated throughout the time period with 
no indication o f a long-term downward trend (Figure 5.6 and 5.7). With the exception of the 
1991 CPUE for trammel nets, which was significantly lower than 1996, no other differences 
were found at the 95% confidence level. Although total harvest o f sheepshead has increased 
significantly since the mid-1980s, it has not, at this point, affected CPUE.

Rules for the harvest o f sheepshead changed recently. Commercial harvest methods were 
changed on August 15, 1995 when Act 1316 of the 1995 Regular Legislative Session, the Marine 
Resources Conservation Act o f 1995, became effective. This act outlawed the use o f  "set" gill 
nets or trammel nets in saltwater areas o f Louisiana, and restricted sheepshead harvest by the use 
o f "strike" nets to the period between the third Monday in October and March 1 of the following 
year. A "Restricted Species Permit" was required in order to harvest sheepshead, and several 
criteria were established in order to qualify for that permit. This set o f regulations had the effect 
of reducing the harvest o f sheepshead by this segment of the commercial fishing industiy.

It should be noted that the following results of YPR and SPR analysis do not reflect the 
impact o f current regulations described above. With this type of general assessment, it will take 
several years before the impact of regulations will be observed in the disappearance rates from 
the fishery. The results do represent the impact of the fishery on the sheepshead stock given the 
fishing pressure existing in 1994 and 1995.

The results of YPR analysis indicate that if M=0.2 (the most conservative value within 
the range o f estimates), the fishery prior to existing regulations was operating at approximately 
F0.i and well below Fmax with yield of 77% to 85% of maximum, and SPR at 42% to 50%. An 
M o f 0.3 (the highest value examined) would indicate a more lightly fished stock with yield 
being 47% to 63% of maximum and with SPR being 61% to 72% (Table 5.1).

Based on our generalized assessment, if M is 0.2, and fishing mortality rates continue at 
1994-1995 levels, then sheepshead would not be harvested at a rate that would drive the stock in 
the long term below the target SPR of 30% established by the Louisiana Legislature. If  M is 
higher then 0.2, or regulations implemented since 1995 have effectively reduced fishing 
mortality rates from 1994-1995 levels, then harvest rates would provide SPRs greater then 30%.

5.7 Research and Data Needs

Estimates of natural mortality used in the present assessment show wide variation. This 
variation reduces the reliability of the present assessment in providing an accurate prediction of
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the potential yield o f the stock, and also reduces the confidence level o f the present estimate of 
SPR. A more precise estimate o f natural mortality would assist in both o f these problems.

Annual age-length keys should continue to be developed to provide catch-at-age data 
necessary to conduct age-based population assessments. The department is in the process of 
collecting otoliths for development of annual age-length keys.

The relationship between wetlands losses or modifications and the continuation o f fishery 
production within the state has been discussed by many authors. However, this relationship is 
likely to be different for the various fishery species. Understanding of this relationship for 
sheepshead should be an ongoing priority.

In the presence o f changing regulations, fishery-dependent information is not a reliable 
source o f data necessary to assess the status of a fish stock. However, such data is necessary to 
measure the effects of fishing on that stock. Consistent fishery-dependent and 
fishery-independent data sources, in a comprehensive monitoring plan, are essential to 
understanding the status o f fishery stocks, and to identifying causes o f changes in stock 
abundance. Present programs should be assessed for adequacy with respect to their ability to 
evaluate stock status, and modified or enhanced to optimize their capabilities.
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Table 5.1 - Results of Yield Per Recruit and SPR Analysis for Sheepshead

M=0.2
F Ratio YPR SPR %SPR %YPR

F m ax  = 2.0000 533.6046 1,076 20.57% 100.00%
F0.1  = 0.2954 428.6514 2,435 4 6 3 8 % 8 0 3 3 % Benchm arks

F 2 0 %  = 2.1628 534.4601 1,046 20.00% 100.00%
F 3 0 %  = 0.7737 508.8837 1369 30.00% 9 5 3 7 %

1994 C o m m erc ia l22 03030 431.7646 2.407 46.04% 80.91%
1995 C o m m erc ia l23 0.2578 411.1336 2 3 8 7 49.49% 77.05%
1996 C o m m erc ia l^ 0.2513 407.6973 2.616 50.04% 76.40% Estim ates
9 9 4  R e c rea tio n a l32 03631 452.2850 2 3 1 6 42.39% 84.76%
995 R e c rea tio n a l22 0.2578 411.1336 2 3 8 7 49.49% 77.05%

M=0.3
F R atio Y PR SPR % S P R % Y P R

F m ax = 2.0000 364.2920 794 30.24% 100.00%
F0.1  = 0.4611 283.7750 1325 50.44% 77.90% Benchm arks

F 2 0 %  = 73629 393.5929 525 20.00% 100.00%
F 3 0 %  = 2.0502 365.0539 788 30.00% 100.00%

1994 C o m m erc ia l= 0.2030 203.0874 1,741 66.30% 55.75%
1995 C o m m erc ia l22 0.1578 176.5549 1,867 71.09% 48.47%
1996 C o m m e r c ia l 0.1513 172.1976 1,887 71.86% 47.27% Estim ates
9 9 4  R e c rea tio n a l22 0.2631 230.2482 1,607 61.21% 63.20%
995 R e c rea tio n a l22 0.1578 176.5549 1.867 7 1 .0 9 % 48.47%



Figure 5.1 A  - D isappearance Rate for Sheepshead
Louisiana Com m ercial Fishery (1994)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Age

— Observed ... Predicted

R e g r e s s i o n  O u t p u t :
C o n s t a n t  6 .6 8 4 9 6 9
S t d  E r r  o f  Y  E s t  0 .2 6 6 4 8 3
R  S q u a r e d  0 .9 7 7 5 5 3
N o .  o f  O b s e r v a t i o n s  11
D e g r e e s  o f  F r e e d o m  9

X Coefficient(s) -0.50302
Std Err of Coef. 0.025408



Figure 5.1 B - D isappearance Rate fo r Sheepshead
Louisiana Com m ercial Fishery (1995)

9 10 11 12 13 14 15 16

— Observed ... Predicted

R e g r e s s i o n  O u t p u t :
C o n s t a n t 7 .9 1 8 1 3 2
S t d  E r r  o f  Y  E s t 1 .8 E - 1 8
R  S q u a r e d 1
N o .  o f  O b s e r v a t i o n s 1 2
D e g r e e s  o f  F r e e d o m 1 0

X  C o e f f i c i e n t ( s ) - 0 .4 5 7 7 5
S t d  E r r  o f  C o e f . 1 .5 E - 1 9



Figure 5.1 C - D isappearance Rate fo r Sheepshead
Louisiana Com m ercial Fishery (1996)

9 10 11 12 13 14 15 16

— Observed ... Predicted

R e g r e s s i o n  O u t p u t :
C o n s t a n t  7 . 4 4 0 4 2 8
S t d  E r r  o f  Y  E s t  0 . 4 0 9 3 9
R  S q u a r e d  0 . 9 4 5 5 7 7
N o .  o f  O b s e r v a t i o n s  1 2
D e g r e e s  o f  F r e e d o m  1 0

X Coefficient(s)
Std Err of Coef.

- 0 .4 5 1 2 6
0 .0 3 4 2 3 5



Figure 5.2A - D isappearance Rate fo r Sheepshead
Louisiana Recreational Fishery (1994)

9 10 11 12 13 14 15 16

— Observed ... Predicted

R e g r e s s i o n  O u t p u t :
C o n s t a n t  1 2 . 7 3 8 2 2
S t d  E r r  o f  Y  E s t  0 .3 8 0 4 6 3
R  S q u a r e d  0 . 9 4 9 4 3
N o .  o f  O b s e r v a t i o n s  9
D e g r e e s  o f  F r e e d o m  7

X Coefficient(s)
Std Err o f Coef.

- 0 .5 6 3 0 8
0 .0 4 9 1 1 8



Figure 5.2B - D isappearance Rate fo r Sheepshead
Louisiana Recreational Fishery (1995)

<0 10

9 10 11 12 13 14 15 16

— Observed ... Predicted

R e g r e s s i o n  O u t p u t :
C o n s t a n t 1 3 .8 2 0 2 1
S t d  E r r  o f  Y  E s t 0 .5 6 6 1 8 8
R  S q u a r e d 0 .8 9 2 3 7 1
N o .  o f  O b s e r v a t i o n s 1 0
D e g r e e s  o f  F r e e d o m 8

X  C o e f f i c i e n t ( s ) - 0 .5 0 7 6 8
S t d  E r r  o f  C o e f . 0 .0 6 2 3 3 5



F i g u r e  5 .3  - C o m m e r c i a l  H a r v e s t  o f  S h e e p s h e a d
in Louisiana
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Figure  5 .5  - C atch  p er E ffort fo r S heepshead  in Lou is iana
NMFS Marine Recreational Fishery Statistics Survey
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Figure 5.6 - Catch per Effort for Sheepshead in Seines
Marine Fisheries Division, Monitoring Program
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Figure 5.7 - Catch per Effort for Sheepshead in Trammel Nets
Marine Fisheries Division, Monitoring Program

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
Year



A BIOLOGICAL AND FISHERIES PROFILE OF BLACK DRUM

P o g o n i a s  c r o m is  IN LOUISIANA

Office of Fisheries

Fisheries Management Plan Series 

Number 2, Part 1

1997



LOUISIANA DEPARTMENT OF WILDLIFE AND FISHERIES

BATON ROUGE, LOUISIANA

A BIOLOGICAL AND FISHERIES PROFILE FOR BLACK DRUM, 

Pogonias cromis IN LOUISIANA

by

Clarence P. Luquet, Jr.1 
Robert H. Blanche!1 
David R. Lavergne2 
Daniel W. Beckman3 
John M. Wakeman4 
David L. Nieland5

La. Dept, of Wildlife and Fisheries 
1 Marine Fisheries Division 

2 Socio-Economic Research and Development Section 
P. O. Box 98000 

Baton Rouge, La. 70898

Southwest Missouri State 
Springfield, Missouri

4Louisiana Tech University 
Ruston, LA

5 Coastal Fisheries Institute 
Louisiana State University 
Baton Rouge, LA 70803

Fishery Management Plan Series 
Number 5, Part 1 

1997



ACKNOWLEDGMENTS iii

1.0 INTRODUCTION..........................................................................................................................1
1.1 Status of the F ish e ry ......................................................................................................... 1

2.0 BIOLOGY.......................................................... ; ........................................................................3
2.1 Taxonomy and Nomenclature ........................................................................................3
2.2 Distribution and Abundance ...........................................................................................3
2.3 Stock Identification........................................................................................................... 4
2.4 M orphology...................................................................................................................... 4

2.4.1 Eggs ...................................................................................................................... 4
2.4.2 Larvae ....................................................................................................................4
2.4.3 Juveniles............................................................................................................ - 5
2.4.4 Adults ....................................................................................................................5

2.5 Reproduction ....................................................................................................................6
2.6 Age and Growth .............................................................................................................. 9
2.7 Movements/Migrations ................................................................................................. 11
2.8 Pathology/Parasitology ................................................................................................. 12
2.9 Food Habits/Trophic Relations...................................................................................... 13
2.10 Habitat Requirements .................................................................................................... 16
2.11 Environmental Tolerances ............................................................................................17

3.0 DESCRIPTION OF THE FISHERY ............................................................................................19
3.1 History of Exploitation ................................................................................................. 19

3.1.1 Economics ..........................................................................................................19
3.2 Commercial F ish e ry ...................................................................................................... 20

3.2.1 Description of Fishing Activities ..................................................................... 20
3.2.2 Effort and H a rv e s t.............................................................................................. 23
3.2.3 Mariculture ......................................................................................................... 24
3.2.4 Economics of Commercial Fishing .................................................................. 25

3.3 Recreational F ishery ............................................................................................................27
3.3.1 Description of Fishing Activities ..................................................................... 28
3.3.2 Effort and H a rv es t.............................................................................................. 28
3.3.3 Economics of Recreational Fishing .................................................  30

4.0 RESEARCH N E E D S ....................................................................................................................... 32

5.0 LITERATURE CITED 34



ACKNOWLEDGMENTS

We would like to acknowledge and express our gratitude to members o f the Marine Finfish 
panel and their constituents who provided commentary to the initial draft o f this document. Also, to 
Kenneth Roberts of LSU Cooperative Extension Service for use of his expertise and assistance in 
developing the initial economic section drafts of this plan. Thanks to LSU's Center for Wetland 
Resources/Coastal Fisheries Institute whose research greatly contributed to our understanding of this 
subject species. Thanks also to members of the NMFS statistics office. New Orleans branch, Leryes 
Usie (retired) and Maggie Bourgeois.

The drawing of black drum on the cover was downloaded from an internet copy of Massey 
and Harper (1993) who digitized the figure from Evermann and Bean (1898). Other figures used in 
the text are cited in the text or legends associated with them.

Additionally, review and editing recommendations by many members of the Louisiana 
Department of Wildlife and Fisheries' Marine Fisheries Division and the National Marine Fisheries 
Service were invaluable. LDWF License information was graciously provided by Ms. Nancy Hunter 
of the LDWF Commercial License Section and Ms. Jo Ann Newchurch of the LDWF Sports License 
Section.

Thanks to the LDWF Area II finfish sampling crew, Stuart Whipple, and Roger Holland's 
review and editing assistance; Keith Ibos and Charles Smith for carrying the additional work load 
while I was working on this document and our clerical staff, including Melissa Bergeron, Linda 
Thomas, and Bobby Wilsford for applying their talents to this report.

C. Luquet, Jr.

111



1.0 INTRODUCTION

The black drum, Pogonias cromis, is one species of the 14 genera of the family Sciaenidae 
recorded along the Atlantic and Gulf coasts of the United States (Chao 1978). The Sciaenidae is 
commonly known as the drum or croaker family, because drumming sounds are produced by many 
of its members, including the black drum. The black drum is the largest member o f the croaker 
family found in the region (Hoese and Moore 1977), with adults often exceeding 50 pounds. Chao 
(1978) reviewed the sciaenids Of the western North Atlantic, and presented a phytogeny based on 
external morphology and the morphologies of the swim bladder and otoliths. Black drum is the 
accepted common name for Pogonias cromis (Robins et al. 1980). Other common names include 
drum, sea drum, gray drum, banded drum, big drum, corvinon negro (Mexico), and tambour (La. 
French) (Gowanloch 1933, Hoese and Moore 1977).

1.1 Status of the Fishery

The black drum has become one of the most highly sought after commercial finfish in 
Louisiana. Although its desirability among recreational fishermen may have increased to some 
degree, it still is not a preferred recreational fish.

Gear of the recreational and commercial sectors of the black drum fishery are capable of 
catching from all year classes. Due to current regulations, harvest primarily is concentrated on fish 
two years and older. Black drum of ages from five to 10 years (approximately 8 to 12 pounds) have 
been commercially exploited to a lesser extent than other year classes due to their decreased 
availability to the fishery. Behavioral changes may make these year classes less susceptible to the gear 
and methodology of the commercial fishermen (Ramsey and Wakeman 1989).

Information collected since the 1960's indicates that black drum harvest ranked low among 
recreationally harvested finfish species. In 1984 a Louisiana Department of Wildlife and Fisheries 
(LDWF) survey of marine recreational fishermen in Louisiana indicated that 0.6% of the recreational 
fishing effort was targeted towards black drum and that black drum constituted 3.3% of the total 
recreational catch. Marine Recreational Fishery Statistics Survey (MRFSS) data suggests that from 
1980 to 1994 the percentages of recreational fishermen targeting drums ranged from 0.1% to 2.3 %. 
In Louisiana these fishermen harvested an average of 390,264 black drum annually from 1980 through 
1994.

During the 1980's the commercial black drum fishery underwent a period of rapid expansion 
due to a number of factors including increased participation in commercial fishing in general, better 
marketability of large black drum, a rise in the demand for finfish as a food source, and increased 
regulation of the harvest of other finfish. Louisiana commercial landings averaged 3,871,800 pounds 
annually from 1980 through 1989. In 1987 and 1988 commercial black drum landings exceeded those 
of all other finfish landed in Louisiana excluding menhaden and yellowfin tuna. Regulations were
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established in 1989 and 1990, including conservation standards and commercial quotas. In 1989 the 
commercial black drum landings showed a decline for the first time, to 1986 levels. 1990 through 
1994 landings increased slightly and averaged 2,944,000 pounds annually; but 1994 black drum 
landings slipped to fourth place behind tuna, the expanded mullet fishery, and menhaden. In 1995 
landings began to decrease, and preliminary 1996 figures indicate a further decline to pre- 1980's 
levels.

Recent commercial regulations have decreased Louisiana black drum landings through reduced 
seasons for use of netting gear, reduced harvest of adult drum in shrimp trawls through use of turtle 
excluder devices (TED's), etc. Resultant changes in effort, fishing location, and gear will determine 
future commercial landings within established conservation standards and within existing regulations 
that define quotas and possession limits.
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2.0 BIOLOGY

2.1 Taxonomy and Nomenclature

The classification follows that of Greenwood e t a l  (1966). Taxa above superorder are not 
included.

Superorder: Acanthopterygii 
Order: Perciformes 

Suborder: Percoidei 
Family: Sciaenidae 

Genus: Pogonias 
Species: crorms

The valid name for the black drum is Pogonias cromis (Linnaeus). The following synonymy 
is abbreviated from Jordan and Evermann (1896).

Labrus cromis, Linnaeus, 1766
Labrus chromis, Schdpf, 1788
Pogonias fasciatus, Lac6pede, 1802
M ugil grunniens, Mitchill, 1814
M ugil gigas, Mitchill, 1814
Sciaena Jusca, Mitchill, 1815
Sciaena gigas, Mitchill, 1815
Labrus grunniens, Mitchill, 1815
Pogonias chromis, Cuvier and Valenciennes, 1830

2.2 Distribution and Abundance

Black drum are found along the western Atlantic coast from the Bay of Fundy, Nova Scotia, 
southward into the Gulf of Mexico and south to Argentina (Gilhen 1986). They are common from 
New Jersey southward, more common from Chesapeake Bay to the mouth o f the Rio Grande, and are 
most abundant in the Gulf o f Mexico along the Texas and Louisiana coasts in both state waters and 
the federal Exclusive Economic Zone (EEZ) (Welsh and Breder 1923, Silverman 1979, National 
Marine Fisheries Service (NMFS) landing statistics).

Black drum are common coastwide in all o f Louisiana's estuarine and offshore waters at 
various times of the year. East of the Mississippi River black drum are more abundant, and large 
drum can be found inshore, from March through September. Large black drum can be found offshore 
during fall and winter months. West of the Mississippi, both large and small drum are more available 
November through March (Pearce 1989).
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2.3 Stock Identification

The black drum ranges throughout the coastal and estuarine waters of Louisiana, and there is 
little evidence to suggest separate stocks gulfwide, though regional differences may be present. 
Ramsey and Wakeman (1989) analyzed black drum taken from gulfwide samples, from both inshore 
and offshore areas, for 21 protein systems. These showed that populations in the eastern Gulf of 
Mexico had a very low degree of variability, the lowest reported for any sciaenid fish. Allele 
frequencies and cluster analyses of the Texas populations did show strong separation from the eastern 
Gulf and may indicate a separate genetic stock. Gold et al. (1994) checked gulfwide samples for 
genetic variation using mitochondrial DNA (mtDNA). They also found that black drum populations 
tested had "little evidence of phylogeographic structuring... and are not strongly differentiated 
genetically." Gold et al. (1994) noted that black drum from neighboring localities had greater 
variation than red drum (Sciaenops ocellatus) (indicating less frequent interestuarine migration than 
red drum); and that black drum from their western Gulf samples had two haplotypes that differed 
from the central and eastern Gulf samples, revealing an "isolation-by-distance effect."

2.4 Morphology

2.4.1 Eggs

Black drum egg morphology is typical of the sciaenids making it difficult to distinguish their 
eggs from others of the family (Joseph et al. 1964) (Figure 4, D-G). They described the buoyant 
eggs as having a size (converted from ocular units) ranging from 0.816 to 1.020 millimeters (mm), 
with a mean diameter of 0.928 mm, with 2 to 6 oil globules (average 2 to 3), coalescing to a single 
globule prior to hatching. Daniel and Graves (1994) indicated that the only methods to positively 
identify congeneric sciaenid eggs to species are to raise them or use electrophoresis. Daniel and 
Graves (1994) and Holt et al. (1988) narrowed Joseph's ranges for black drum egg diameters to 
>  0.90 mm and averaging 1 mm.

The morphology of black drum eggs was described by Joseph et al. (1964) from collections 
of wild-caught eggs in the Chesapeake Bay area. These authors also provided a description of black 
drum larvae hatched from the egg up 8.0 mm total length (TL). Pearson (1929) described larval black 
drum from Texas collections from 4.5 mm to adult sizes, and Jannke (1971) illustrated 3.5 and 5.5 
mm specimens. Powles and Stender (1978) provided descriptions and morphometry of a small 
collection o f 3.9 to 4.6 mm drum larvae.

2.4.2 Larvae

Larvae from cultured eggs ranged from 1.9 to 2.4 mm TL, and from 0.7 to 0.8 mm in depth 
at hatching; their yolk became exhausted after the fourth day at sizes of approximately 3.0 mm 
(Joseph et al. 1964) (Figure 2). Larvae less than 2.0 mm TL have a continuous fmfold which is
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deepest behind the vent, the dorsal extending almost around the snout. The anus is located just behind 
the yolk sac. Pigmentation consists of small indistinct melanophores on the head and sides of the 
abdomen, behind the vent, and along the dorsal and ventral margins of the mid-caudal region. At 
approximately 2.8 mm TL (two days after hatching) the frnfold is still large and pectoral fin buds are 
present; pigmentation on the head and trunk is more complete, and there are two large branching 
melanophores on the ventral and dorsal margins of the mid-caudal region. At about 4.5 mm TL two 
groups of branching melanophores appear on the tail, one slightly posterior to and above the vent, the 
other at the base of the anal fin bud. When about 5.5 mm TL three weak spines are present on the 
preopercle; caudal, dorsal, and anal fins are generally differentiated; and Pearson (1929) noted, six 
anal rays are usually discernible at this time, separating the species from related ones.

2.4.3 Juveniles

The full compliment of rays is present at 8 mm. Melanophores appear dorsally and laterally 
in groups which begin to form the five or six vertical black bars which remain until the adult size is 
reached. At 12 mm TL fins are fully developed. By 13-14 mm TL the melanophores have coalesced 
to form the vertical bars. At 15 mm TL young drum have assumed the general adult shape, and 
acquired 11 of the mandibular barbels characteristic of the adults. Scales begin to form posteriorly 
along the lateral line. All fins, with the exception of the dorsal, are unpigmented (Pearson 1929, 
Joseph et al. 1964, Silverman 1979). Fish at 22 mm are fully scaled and 17 barbels are present 
(Thomas 1971) (Figure 2).

2.4.4 Adults

The following description of the black drum adult is compiled from Jordan and Evermann 
(1898), Hildebrand and Schroeder (1928), Simmons and Breuer (1962), Miller and Jorgenson (1973), 
Richards (1973), Chao (1976), Chao (pers. comm, to G. D. Johnson cited in Johnson 1978), and 
Johnson (1978):

One deeply divided dorsal fin, the first part with 10 spines, the second with 1 spine 
and 19-23 segmented rays; anal fin with 2 spines and 5-7 rays; caudal with 9 dorsal and 8 
ventral primary rays, 8-9 dorsal and 8 ventral procurrent rays; ventral fins with 1 spine and 5 
rays; scales 41-45 in a lateral series; 10 trunk and 14 caudal vertebrae; 4-6 dorsal and 12-16 
ventral gill rakers; 7 branchiostegals. Preopercular margin smooth. Teeth in jaws small, set 
in broad bands, none especially enlarged; no teeth on vomer, palatines or tongue; lower 
pharyngeals large, completely united, with many blunt molars at the middle and surrounded 
by strong conical teeth (Figure 3??1.

Body oblong, moderately compressed, back much elevated; ventral outline nearly 
straight, head moderately short, snout blunt; mouth horizontal, inferior, lower jaw included; 
maxillary scarcely reaching below middle of eye; chin with 5 pores and 12 to 13 pairs of 
barbels along inner edges of lower jaw, the series usually extending back to below middle of
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eye. Scales firm, ctenoid. Dorsal fin continuous, with a deep notch between the spinous and 
soft portions; dorsal spines stiff and slender, the third longest; anal fin short, the second spine 
much enlarged; caudal fin subtruncate; pectoral fins about as long as head. Body proportions 
as follows: head Z.9-3.4, depth 2.3-2.S, pectoral fin 3.3-3.6 in standard length; snout 2.8-3.7, 
eye 2.8-3.9, interorbital 3.0-4.0, maxillary 2.5-3.3 in head.

Pigmentation: Color in life blackish with brassy luster, dark above; grayish white 
below, all fins dusky or black. Color varies somewhat with habitat; in Gulf o f Mexico almost 
uniformly silvery, lose crossbars early; in bays and lagoons darker, often bronze along back 
and dirty white on sides and belly.

2.5 Reproduction

Black drum ova undergo a maturation process during which four distinct stages can be 
discerned: primary growth (PG), cortical alveolar (CA), vitellogenic (V), and hydrated (H).
Histological examinations of black drum ovarian tissues and descriptions of each maturation stage are 
described by Fitzhugh et al. (1987) and Parker et a l (1988).

Recent aging techniques explain apparent conflicts in historical age at maturity estimates. 
Previously, based on scale and length frequency studies, Pearson (1929) and Simmons and Breuer 
(1962) determined that black drum mature at age two. Current evidence indicates that most black 
drum mature sexually between four and five years of age; the most commonly accepted first age at 
sexual maturity is four years. Using aging analyses of otolith annuli, Nieland and Wilson (1993) 
reported the earliest occurrence of vitellogenesis for females and presence of milt in males to be age 
three among Louisiana black drum.

Fitzhugh et al. (1987) state that male and female drum mature sexually at between 600 and 
640 mm (23.6 and 25.2 in.) as defined by the size at which 50% of individuals exhibit gonadogenesis. 
Murphy and Taylor (1989) found that in drum from Florida's Atlantic coast >50%  of males and 
females matured at 590 mm TL (age 4 or 5) and 650 mm TL (age 5 or 6), respectively. Nieland and 
Wilson (1993) also noted a smaller size at maturation for male drum in samples from the northern 
Gulf of Mexico. Males matured (> 50% ) at age 4, 610-620 mm fork length (FL) and females 
(-100% ) at age 5, 640-649 mm FL.

Black drum are group synchronous, batch spawners (Wallace and Selman 1981) in which two 
populations of oocytes in ovarian tissues can be distinguished during the spawning season: a 
synchronous population of late stage oocytes comprising the leading clutch, and a population of 
smaller less mature oocytes (Fitzhugh et a l  1987, Parker et al. 1988). The result is a bimodal 
distribution of oocyte maturation stages within the ovary. Pearson (1929) estimated a 1000 mm (39.4 
in.) female taken from Texas waters to contain nearly 6 million eggs averaging 0.6 mm in diameter. 
Fitzhugh et al. (1987), using direct counts o f hydrated oocytes, reported a batch fecundity range of
0.7 million to 3.8 million ova for females taken in the 1986-1987 spawning season. Extrapolating this
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fecundity and an individual spawning frequency of seven days over a 16 week spawning season 
yielded a seasonal fecundity range of 11-60 million ova. Using similar protocol on 23 gravid females 
captured during the 1987-1988 spawning season, Parker et al. (1988) estimated mean black drum 
fecundity as 2,764 hydrated oocytes/gm ovary (range 1,587 - 4,085) or 1.35 million ova per batch 
(range 0.2 - 6.1 million). Extrapolation o f these data yielded a seasonal fecundity o f over 40 million 
ova per female for the 1988 spawning season. Fitzhugh et al. (1993) computed batch fecundity at 1.6 
million eggs for the average sized female with hydrated oocytes (6.1 kg eviscerated weight) taken in 
1986 and 1987. Nieland and Wilson (1993) estimated averages of 1.22, 1.65, and 1.21 million ova 
for years 1988, 1989, and 1990 respectively. Factors such as nutritional state and environment, may 
be important in variation in the batch fecundity rate (Nieland and Wilson 1993).

Spawning frequency, or the number of days between individual successive spawns, was 
calculated by Fitzhugh et al. (1987) as approximately seven days using postovulatory follicles (POF) 
and hydrated ova as indicating recent or imminent spawning. Parker et al. (1988), using the POF 
method of Hunter and Macewicz (1985), determined that the spawning frequency for the 1987-1988 
season was approximately every 3.5 days. Thus, extrapolated over a probable four month spawning 
season, a single female black drum may spawn 20-30 times per season. Fitzhugh et al. (1993), and 
Nieland and Wilson (1993), also found evidence of spawning intervals o f 3 to 4 days.

Relationships between black drum fecundities and length, mass, and age are still poorly 
understood, though Nieland and Wilson (1993) found positive correlations. They noted that 
eviscerated body weight was the best predictor of batch fecundity within seasons. Their data also 
indicated no sign of senescence.

Conflicting reports of the black drum spawning season in the Gulf of Mexico have been 
reported in the literature. Pearson (1929) stated that black drum in Texas waters spawn principally 
from February to May, but may also undergo a secondary spawn from late July to November. 
Simmons and Breuer (1962) found ripe females from December through June, but remarked that the 
majority of spawning in Texas occurred in February and March with a secondary peak of spawning 
activity in May or June. A more recent study of black drum in Texas (Cody et a l 1985) stated that 
spawning occurs from November through April with a peak of activity occurring in January to April. 
Jannke (1971) reported a November to March spawning season for black drum in the Florida 
Everglades. Murphy and Taylor (1989) reported that spawning occurred from January through April 
on Florida's northeast coast. Peters and McMichael (1990) found spawning drum from November 
through May. Larvae were captured in coastal Louisiana waters in several plankton collections from 
December through April (Ditty 1986). It was noted by Leard et al. (1993) that spawning seasons 
were longer in more southern localities.

Histological examinations of ovarian tissues have been used to define spawning season of black 
drum in Louisiana waters (Fitzhugh et a l 1987, Parker et al 1988, Fitzhugh et a l 1993, Nieland and 
Wilson 1993). Over the period 1987-1990, early stage maturing oocytes (CA) were found in late 
October to early November samples (Figure 5). By December of each year later stage vitellogenic 
oocytes were common indicating imminent spawning. Postovulatory follicles (POF), definitive
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evidence of recent spawning, were first detected in mid-February 1987 and mid-January 1988. 
Females with hydrated oocytes sampled in early December 1988 would account for the occurrence of 
larval black drum in Louisiana waters during this season as reported by Ditty (1986). The end of the 
spawning season, as indicated by late stage atresia (reabsorption) of yolked oocytes, is May. No 
evidence of a secondary peak in spawning activity has been observed in Louisiana waters.

Increases in both female and male gonosomatic indices (GSIs) correspond to the late autumn 
increase in oocyte maturation and further serve to delineate the black drum spawning season (Fitzhugh 
et al. 1987, Parker et a l 1988, Nieland and Wilson 1993). Mean GSIs for both sexes show 
precipitous increases beginning late October to mid-November, peaking in March. A return to near 
resting levels is noted by May. Data from 1987 to 1990 indicate that GSIs in both sexes displays a 
single annual peak (Figure 6).

In Louisiana, ripe black drum were found at water temperatures of 15-25 °C (60.8-77.0°F) 
from January to May (Fontenot and Rogillio 1970, Saucier and Baltz 1993).

A review of literature sources (Pearson 1929, Simmons and Breuer 1962, Jannke 1971, 
Osbum and Matlock 1984, Fitzhugh et al. 1987, Parker et al. 1988, Saucier and Baltz 1993) indicate 
black drum utilize both inshore and offshore environments for spawning, often in or near passes and 
channels.

Diel timing of spawning is thought to be near dusk based on drumming behavior and the 
developmental stages of eggs in ichthyoplankton samples (Mok and Gilmore 1983, Holt et al. 1985, 
Fitzhugh et a l 1987, Saucier and Baltz 1993). Generally, spawning occurs in early evening, one to 
two hours after sunset (Holt et al. 1985, Saucier and Baltz 1993), from November through May, 
peaking in February and March according to these researchers. They found drum to spawn 
predominantly in shallow Gulf waters and the nearby passes, and channels between barrier islands. 
Spawning occurred during certain average physical conditions: water depth 9.2 m, salinity 18 to 27 
parts per thousand (ppt), water temperature 20.8°C, current velocity 34.0 cm/s, dissolved oxygen 
(DO) 12.3 mg/1 (Saucier and Baltz 1993). Larvae move inland and young develop inshore. The 
spawning ritual if any, has not been documented. Saucier and Baltz (1993) noted peak spawning 
occurring at new and full moon phases when eggs would be transported seaward.

Fitzhugh et al. (1993) found a divergence in sex ratio for fish from commercial gears used in 
inshore versus offshore waters, primarily during reproductive periods, suggesting a segregation of 
sexes at that time.

While migrating, the black drum make a drumming sound which is audible from a boat 
(Pearson 1929). Thomas(1971) indicated that female drum are also capable of producing sounds. 
Chao (1976) reports that a drumming muscle is present in both males and females, however the 
females drum in a softer tone than males.
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Saucier and Baltz (1993) found positive correlations of drumming fishes' school size and 
dissolved oxygen, temperature, and water velocity. Simmons and Breuer (1962) reported black drum 
schools occur where preferred food is abundant. It has further been noted that black drum form 
schools prior to spawning only to disperse after spawning (Silverman 1979). During reproductive 
periods the ratio of male to female drum increased offshore (Fitzhugh and Beckman 1987). Render 
and Parker (1987) found large black drum schools off the Louisiana coast from late summer through 
spring. However, decreased catches made by the northern Gulf purse seine fishery for black drum 
indicate that schools may disperse during the winter months and perhaps, move to near-shore 
spawning areas.

2.6 Age and Growth

Pearson (1929) and Simmons (1957) have reported lengths at age for black drum from Texas 
waters. Pearson (1929) used length-frequency analysis to report modal lengths of 250 mm (9.8 in.) 
and 370 mm (14.6 in.) at the end of the first two years. Other year classes could not be discerned due 
to overlap within year classes. Scales were used to age fish up to four years, after which calcification 
made them unreadable. Simmons (1957) reported lengths of 225 mm (8.9 in.) and 285 mm (11.2 in.) 
at the end of the first two years. Simmons and Breuer (1962) reported, based on tag recaptures, that 
black drum reached a length of 210-250 mm (8.3-9.S in.) in one year, 290-330 mm (11.4-13.0 in.) in 
two years, and 400-430 mm (15.7-16.9 in.) in three years. Murphy and Taylor (1989) found an 
average growth rate of 100 mm per year for ages one to three, and 10-30 mm per year for fish 15 
through 20 years.

Matlock et a l  (1993) found the scale method for aging black drum up to four years is also 
valid and more cost effective than otolith ageing. Richards (1973) reported age and growth rates for 
black drum from Virginia waters using scales, time sequential sampling of juveniles, and computer 
extrapolation. Scales were reported as unreadable after approximately seven years of age. Richards' 
age estimation using black drum scales has not been validated . Using length-age and weight-age 
curves, Richards (1973) postulated maximum ages for black drum of 35 years or more. Matlock
(1990) reported average maximum total lengths and age in Texas waters at 1000-1200 mm TL and 
13 plus years, respectively. Murphy and Taylor (1989) estimated a maximum of 58 years based on 
otolith annuli from Florida's northeast coast.

A standard length (SL) - total length (TL) relationship obtained for Louisiana black drum 
ranging from 44 to 1061 mm (1.7 to 41.8 in.) TL by Hein et al. (1980) was: SL  =  0.8331 TL  - 
8.6854  (n=749, r=0.999). The length-weight (W) relationship computed was Log  W =  2.971 Log  
TL  - 4 .8176  (n=750, r=0.989). Beckman et al. (1988) obtained a fork length (FL) - weight 
relationship for black drum from 180 to 1180 mm (7.1 to 46.5 in.) FL of: Log  W  = 3 .05  Log  FL  - 
4 .943  (n=2259, r2=0.97). Geaghan and Garson (in Leard et al. 1993) modified Beckman's log 
formula for converting FL to TL:

TL  =  0.03743*FLIO26S
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Von Bertalanffy growth models have been obtained for black drum tagged and recaptured 
from inshore Texas waters by Doerzbacher et al. (1988). Growth models were fit by excluding the 
coldest 120 days of the year, and growth parameters obtained were: K =  0.219 (SE =  0.027), and 
L„ =  798 (SE =  42) mm.

Beckman et al. (1988) validated age estimates for black drum from inshore and offshore 
Louisiana waters using otolith sections. Maximum age reported was 43 years. An initial rapid 
growth rate was observed for black drum until approximately four years of age (630 mm FL). 
Growth rate of older fish decreased, although, significant growth in length and weight continued to 
maximum ages sampled. The transition in growth occurred at an age which corresponded to age at 
maturity for black drum. Separate von Bertalanffy growth models were fit for each of these growth 
stages. Growth parameters for primarily immature fish were: K =  .0884, I* — 1745, ^  =  -1.140, 
and for primarily mature fish: K =  .0110, L. =  1745, ^  =  -36.68. Growth parameters for a single 
von Bertalanffy growth curve fit to all ages of black drum were: K =  0.0540, =  -12.6, and
L„=988.8, however, this model did not describe the growth of immature black drum very well 
(Beckman e t al. 1990). It was noted that due to the extreme variability in age at given sizes, length 
or weight could not be used to accurately estimate age of mature fish.

Geaghan and Garson (1989, unpublished) developed a modification of the von Bertalanffy 
growth equation, a sloped asymptote model. Geaghan's modification consists of redefining L  from a 
single constant to one which increases as a linear function of age:

Lm = B0 ^  B1 . t
where B0 and Bj are the intercept and slope of the regression of 1* on t. Substituting into the von 
Bertalanffy equation the model obtained is:

L ,=  (B0 + B , . t ) ( l  -ek"-ul)-

The resulting equation, when fitted to data of Beckman et al. (1988, unpublished) provided an 
exceptionally good fit (Figure 7). Estimates of length at age based on this function are illustrated in 
Tables 2.1 and 2.2 . The specific equation fit is of the form:

L ,=  (610.0 + 9.959. t ) ( l

Geaghan and Garson (in Leard et al. 1993) preferred the Gompertz, sloped asymptote model:

w (K +b\)e

Beckman (1989) reported age distributions for the harvested black drum population, noting 
ages ranging from one to 36 years, and unexplained dominant age classes occurring every four to five
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years.

2.7 Movements/Migrations

Larvae and small black drum tend to travel inland with incoming tides. Thomas and Smith 
(1973) noted that young drum entered a ditch accessible to them only on a flood tide. They 
hypothesized that the young were responding to higher temperatures and chemical clues from the 
marsh water flowing out of the ditch: "In earlier collections most young drum taken along the beach 
were near the outflow of the ditch, indicating a positive response to marsh water." Simmons and 
Breuer (1962) also noted that there is a temporary surge towards fresh water. Thomas (1971) 
indicated that as the black drum grew, larger individuals would generally begin to move first.

Peters and McMichael (1990) noted 150 - 200 mm SL juvenile drum moved in the fall from 
shallow, muddy-bottomed areas of Tampa Bay into open waters of river mouths, bays, passes and 
nearshore Gulf.

Juvenile or adult black drum are present in Louisiana estuaries year-round, with an apparent 
increase in numbers inshore during May through July east of the Mississippi River according to 
commercial landings catch per effort data reported by Bane et al. (1985).

Fontenot and Rogillio (1970) recorded peak catch per effort from trammel net samples for the 
years 1960 through 1968 in the Biloxi Marsh Complex from April through August, with a lesser peak 
in December.

Inshore, commercial gill net fishermen in southeast Louisiana reported decreased fishing effort 
in late fall and winter for black drum due to migration of these fish from Lake Pontchartrain and Lake 
Borgne to offshore waters and an increase in availability of red drum (H. Pearce, pers. comm.). 
Through 1987 black drum landed during cooler months were primarily harvested by purse-seine 
vessels fishing in waters greater than three miles offshore (NMFS landing statistics). An aerial survey 
was conducted in 1987 to characterize distribution of red drum (Lohoefener et al. 1988). This survey 
also found large schools of black drum located offshore, often associated with cownose rays 
(Rhinoptera bonasus), either mixed with or following foraging schools, and to a lesser extent 
associated with red drum and crevalle jacks (Caranx hippos). The schools sighted ranged in 
(estimated) size from 5,000 - 100,000 pounds, with most schools estimated at 20,000 - 60,000 
pounds (Ren Lohoefener pers. corr. 1989).

Though Rogillio (1982) reported a tagged black drum had traveled 103 km (64 miles) 
eastward, most stay in a general location for extended periods. Osbum and Matlock (1984) found 
that from a group of 68 drum tagged at one site, three were recaptured approximately two months 
afterwards, and three almost five months later. All were recaptured within 2 km (1.2 miles) o f the 
tagging site.
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According to Osbum and Matlock (1984) black drum are common throughout Texas bays. 
They noted substantial intrabay movements, suspected to be induced by the drum's constant search for 
sessile molluscan foods, and little interbay movements. From tagging studies utilizing fish 210-510 
mm (8.3-20.0 in.) TL, they reported few fish returned to the bay tagging location from Gulf waters. 
Almost half of the tagged black drum (44%) recaptured moved more than 10 km (6.2 miles). O f the 
fish which left the bay where originally tagged, 75% were recaptured in adjacent bays. Recaptures in 
the Gulf of Mexico only accounted for 1 % of all returns. Five of six returns in the Gulf had moved 
in excess of 30 km (18.6 miles) and two had moved great distances of 204 and 241 km(127 and 150 
miles). Four of the six had been released within 15 km (9.3 miles) of a bay to Gulf pass.

Osbum and Matlock (1984) stated large black drum reside principally in Gulf waters. • Cody, 
Rice, and Bryan (1985) caught drum 505-1000 mm (19.9-39.4 in.) TL in the Gulf o f Mexico at 
depths from 5-37 m (16.4-121.4 ft) from October to April. They caught none in the summer but 
suggested that higher metabolic rates allowed the fish to escape the gear. Ross et al. (1983) captured 
black drum 221-991 mm (8.7-39.0 in.) TL each month of the year except July and October while 
working in Texas coastal waters. The black drum were found to a depth of 27 m (88.6 ft) from 
January through March, being less common from July through November.

Saucier and Baltz (1993) observed highest frequencies of large spawning aggregations of black 
drum in and near passes west o f the Mississippi River from January through April. Their data 
indicated strong positive correlations with dissolved oxygen levels (>  9.6 mg per liter). They found 
correlations with temperature and current velocities; the range of several physical parameters were 
noted in which aggregations of various numbers gathered (see 2.10).

Adults evidently enter bays from mid to late April and leave during early June, probably for 
spawning purposes (Thomas and Smith 1973). Richards (1973) reported that black drum school 
during the April-June spawning run and that they dispersed throughout Chesapeake Bay after 
spawning. Young-of-the-year could be caught in the fall during an apparent mass emigration, 
responding to a decrease in water temperature.

Adult black drum have been reported to school occasionally to feed where food is plentiful, 
and spawning schools have been noted. It was also noted that in 1953 most bivalves were destroyed 
in upper Laguna Madre causing a mass exodus of black drum (Simmons and Breuer 1962).

2.8 Pathology/Parasitology

In certain samples of formalin fixed ovarian drum tissues, bacterial infections were found 
(Nieland and Wilson 1995). These were characterized as "...large (8-10 um), gram-positive rods." 
Initially, the report of this infection raised concerns that it could affect reproductive capacity of the 
affected fish. Since that first report, it has been concluded that these infections were artifacts of poor 
tissue preservation based on evidence such as: the site of infection was primarily in the central core of
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the ovaries, incidence of infection was proportional to ovary mass, and when strict preservation 
techniques were adhered to the incidence of infection was drastically reduced.

The internal parasite most commonly found in large black drum is the tapeworm larvae 
Poecikmcistrium sp.. Though these are not harmful to humans (the adult stage occurs in the stomach 
of certain species of shark) they are removed during processing as they are unappetizing and further 
reduce the marketability of large drum. Overstreet (1977) found Poecikmcistrium caryophyllum and 
Pseudogrillotia pleistacantha in large black drum.

Silverman (1979) reported that, "Ectoparasites are fairly common on black drum. They 
include the copepods: Caligus repax Milne Edwards, C. bonito Wilson, C  latifrons Wilson, C. 
pelamydis Kroyder, and C. haermlonis Wilson. The isopod Nirocila acuminata Schioedte and 
Neinert was taken from black drum by Bere (1936) and Simmons and Breuer (1962); and Thomas
(1971) found Livonica ovalis on fish collected in Delaware. They probably are the cause of damage 
to the gill filaments and gill covers of some fish."

Henderson-Arzapalo et at. (1994) reported mild infestations of the branchiuran parasite 
Argulus sp. on eight inch, pond raised black drum, and further noted heavier infestations on black 
drum x red drum hybrids.

2.9 Food Habits/Trophic Relations

Black drum feed during daylight hours and at night, but feeding is less intensive in early 
morning hours (Thomas 1971). While feeding, black drum occasionally dredge the bottom, creating 
turbid plumes in the water column which are often easily visible from the air, enabling spotter planes 
to locate large schools. In shallow waters their fins are often visible above the surface, "headstanding" 
or "flagging" while feeding (Pearson 1929, Darnell 1958, Dugas 1986).

Studies of black drum nutrition have indicated that its diet varies depending on the age and size 
of the individual. Dugas (1986) reported results from a stomach analysis of black drum in and near 
Barataria Bay, Louisiana. Using five size class divisions, he found that for juveniles less than 100 
mm (3.9 in.) TL, 36.9% of the stomachs contained arthropods with about half of these crustaceans 
and half insects. Mollusks composed 17.9%, all of which were pelecypods. Dwarf surf clams, 
Mulinia lateralis, were found in 9.5% of the stomachs, and 1.2% contained the oyster, Crassostrea 
virginica. Annelids were observed in 15.5% of stomachs divided almost evenly between oligochaetes 
and polychaetes. Only 11.9% of the stomachs contained fish.

In fish of 201-300 mm (7.9-11.8 in.), 50% of the stomachs contained arthropods, most of 
which were crustaceans. Mollusks were found in 22.2% of the stomachs, all o f which were 
pelecypods. M. lateralis, Donax variabilis, and Amygdalum sagittatum each comprised 5.6% of the 
total number. Annelids were recorded in 27.8% of the examined stomachs, with most being 
polychaetes; 19.4% contained fish.
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In the 301-400 mm (11.9-15.7 in.) TL drum, 68% of stomachs contained arthropods, mostly 
Crustacea. Mollusks were found in 45.5% of the stomachs, significantly more than the size classes of 
less than 300 mm TL. Also significant is the 4.5% of stomachs that contained oysters. M. lateralis 
increased to 9.1% and only 4.5% contained annelids, all of which were polychaetes. Fish were in 
31.8% of the stomachs.

In the greater than 400 mm (15.7 in.) TL size class, 46.7% of the stomachs contained 
arthropods, predominantly Crustacea. There was a four fold increase (to 16.7%) in the frequency of 
oysters found in stomachs, and Mulinia sp. remained about the same at 10.0%. Annelids (all 
polychaetes) and fish comprised 10% and 26.7% of stomach contents, respectively.

Generally, arthropods were dominant in all size groups except those larger than the 400 mm 
size class, where an equal number of mollusks were found. The frequency of mollusks increased 
throughout the fishes' size range. Pearson (1929) found a similar increase, and a decrease in the 
frequency of crustaceans with a steady rise in mollusk percentages for black drum 80-990 mm TL. 
Arthropods in small black drum stomachs were relatively small and soft bodied. In fish less than 100 
mm (3.9 in.), insects (Family Corixidae) almost equaled the frequency of crustaceans. The frequency 
of shrimp and large crabs (portunids) increased with increasing fish size.

Mulinia lateralis occurred at about the same percentage in all size groups of fish. This clam 
is very common in all black drum habitats except the beach where it is replaced by Donax variabilis 
(Dugas 1986). Pearson (1929) and Breuer (1957) found that black drum ate mostly Mulinia sp. along 
the Texas coast.

Darnell (1958) found that 65% of black drum stomachs contained mollusks, predominantly the 
clam Rangia cuneata in Lake Pontchartrain, Louisiana. The mud crab Rithropanopeus harrisii made 
up 12% of the black drum stomach contents. Other field observations, coupled with the stomach 
content data led Darnell (1958) to conclude that R. cuneata is the staple food of black drum greater 
than 100 mm TL in Lake Pontchartrain. Darnell (1958) also reported that he had indirect evidence, 
from field observations of shell fragments in the buccal cavity, that black drum were capable of eating 
larger hard shelled mollusks. Pearson (1929) correlated food with the environment in which the fish 
feeds, noting that black drum are most abundant in shallow muddy lagoons where pelecypods 
(specifically Mulinia) are common.

Dugas (1986) observed oysters as the dominant mollusk in the stomachs of 700-900 mm (27.6-
35.4 in.) size fish caught in an area heavily used for oyster culture. However, only two smaller fish 
contained oyster shells, and these were believed to be ingested incidentiy while feeding. Simmons and 
Breuer (1962) found the mussel Brachiodontes exustus and no oysters in the stomachs of drum 
observed feeding on or near oyster reefs in Baffin Bay and Laguna Madre, Texas.

Annelids, predominantly polychaetes, were the most common in the smallest three size groups 
of fish. Pearson (1929) also found a high incidence of polychaetes in black drum 80-200 mm (3.1-7.9 
in.).
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Dugas (1986) concluded from his study and other data that black drum are opportunistic 
feeders. The diversity of food types found are illustrated as follows: Gunter (1945), Copano and 
Aransas Bays, Texas - crustaceans (amphipods and blue crabs); Pearson (1929), Corpus Christi, and 
Breuer (1957), Baffin Bay and Laguna Madre - M. lateralis; Kemp (1949) and Miles (1949), Aransas 
Bay, Texas - shrimp; Darnell (1958), Lake Pontchartrain, Louisiana - Rangia cuneata; Fontenot and 
Rogillio (1970), Biloxi Marsh, Louisiana - R. cuneata, oysters, and crustaceans; Overstreet and Heard 
(1982), Mississippi Sound - hooked mussel (Ischadium recurvum).

Dugas (1986) concluded that the differences in feeding habits between his study and others 
were due to: 1) spatial and temporal distribution of prey species, and 2) size of black drum examined. 
Captured 400-600 mm (15.7-23.6 in.) TL drum were observed eating 25-50 mm oysters and smaller 
black drum were believed to eat soft-bodied insects and polychaetes, fish, and fragile shelled mollusks 
such as Mulinia sp. Cave (1978) reported that adult black drum up to 900 mm (35.4 in.) TL ate 
oysters 25-75 mm and larger drum ate oysters from 25-115mm.

Part of the reason for changes ■ in diet from smaller to larger size black drum is the 
development of pharyngeal teeth and associated musculature which allows larger fish to crush heavy 
shells of oysters and other strong shelled mollusks (Figure 8). According to Cave (1978) the ability of 
the drum to fit the oyster within the pharyngeal teeth is the limiting factor to what size they will 
consume. Additionally he found that drum greater than 300mm can consume an average of one oyster 
per pound of body weight per day.

Cate and Evans (1994) found evidence that, with minimal population estimates, black drum 
from Texas waters are responsible for processing in excess of one million kg of shell material 
annually (including gastropods and bivalves). They were unable to find any characteristic abrasions, 
dissolution, or markings on shell material due to drum predation/digestion, and noted a lack of any 
alteration other than fragmentation. It was also noted that though transport of shell material by such 
a mobile molluscan predator would be expected, very little evidence of this could be found. Most 
drum stomachs contained only materials found at the locations where they were captured.

Oyster fishermen have long reported black drum predation on oysters and have employed 
several methods to prevent this, such as: hanging dead drum from poles on the reef, setting gill nets, 
building fences to prevent entry, beating the water with poles, and using gas hazing cannon to scare 
the drum. These efforts have met with limited success. The small seed oysters, single oysters, and 
oysters which have been stressed are noted to be most susceptible to drum predation.

Adult black drum have very few competitors in other fish but must compete with the oyster 
drill (Thais haemostoma) and other molluscan predators for their principal food source. While not 
much information on the black drum’s competitor/predator relationship exists, they are known to feed 
on smaller fish, crabs, and shrimp and they compete with other organisms that do the same. As adults 
their principal food source is mollusks, therefore they have few competitors in other fishes.
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Once they reach maturity, they have no known predators other than man. As juveniles and 
larvae they may fall prey to any number and variety of predators. Various authors (Cowan et al. 
1992, Saucier and Baltz 1993) give evidence that ctenophore and various hydromedusae predation can 
be a significant factor in egg and early larval drum survival.

2.10 Habitat Requirements

Pearson (1929) indicated that most of the black drum population along the Texas coast was in 
small shallow, muddy bays such as Oso and Nueces Bays. Fox and Mock (1968) collected black 
drum from Barataria Bay in shallow, turbid water having shore vegetation (Spartind) to the water's 
edge with shell reefs on a fine silt bottom. Black drum have been taken at offshore depths of 48.8 m 
(160 ft), but not at 100 m (328 ft) (Ross et al. 1983). This may indicate a preference for shallower 
waters, although gear avoidance may have precluded capture at depth.

Spawning areas, in deeper water offshore, or in bays and channels are occupied in late fall and 
winter with 90% of the spawning occurring in February and March (Simmons and Breuer 1962, 
Beckman et al. 1988, Parker et al. 1988, Fitzhugh and Beckman 1987). According to Beckman et al.
(1988) black drum evidently do not enter into the offshore spawning population until maturity (4-6 
years of age). Because this age group was essentially missing from collection efforts throughout the 
Gulf region, Ramsey and Wakeman (1989) suggest that fish in this age group may either inhabit 
unsampled habitats or be dispersed prior to entering the offshore spawning population (and not 
recruited to the sampling gear).

Black drum are most abundant in shallow muddy lagoons where pelecypods are abundant 
(Pearson 1929). Simmons and Breuer (1962) intimated that movement and location of black drum in 
Texas bays was determined mostly by adverse conditions (lack of food) and that when food was 
abundant there was little intra- or inter-bay movement. However, Thompson and Fitzhugh (1985) 
noted that prior to 1981 the black drum landings "peaks and valleys" coincided with high and low 
salinities.

In the Delaware Bay region small individuals enter the upper estuaries in early June and 
congregate in still waters of creeks and ditches. In late June, when about 30-50 mm (1.2-2.0 in.), 
they begin moving out of these shallow areas, and by August young are evenly distributed in the river 
systems. They start entering the bays by early September (Thomas and Smith 1973).

Juvenile black drum are usually located in areas of low current velocity or little tidal influence, 
such as creels, ditches, channels, stagnant sloughs, and boat basins. They prefer nutrient rich marsh 
situations near muddy bottoms and occasionally near sand and gravel bottoms (Thomas 1971, 
Richards 1973, Peters and McMichael 1990). Thomas and Smith (1973) found young black drum in 
salinities of 0-28 ppt, but suggested that factors such as bottom type, current, and temperature are 
more critical in determining habitat of the young than salinity.
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Slightly larger black drum are found in open waters, bays, and lagoons. They prefer habitats 
such as Laguna Madre and Baffin Bay which are utilized by all year classes of black drum (Simmons 
and Breuer 1962).

The most common species captured with young drum (less than 50 mm) in the marshes of the 
Delaware River system (salinity 0-6 ppt) were Fundulus heteroclitus and Morone americana (Thomas 
and Smith 1973). According to Frisbie (1961) fishes associated with juvenile black drum, greater 
than 100 mm in the Chesapeake Bay area, were a few euryhaline freshwater forms and the rest were 
euryhaline estuarine species, including: Ictalurus nebulosus, Notropis hudsonius amarus, Lepomis sp., 
Morone americana, Morone saxatilis, Anchoa mitchilli, Menidia beryllina, Apeltes quadracus, 
Cyprinodon variegatus, Fundulus heteroclitus, and Gobiosoma sp.

From LDWF bag seine samples of drum from 73 to 390 mm (taken 1985 through 1990) the 
most commonly associated species in order of relative occurrence were: Brevoortia patronus, 
Anchoa mitchilli, Micropogonias undulatus, Sphoeroides parvus, Menidia beryllina, Arius felis, 
Leiostomus xanthurus, Cynoscion arenarius, Mugil cephalus, Membras martinica, Cynoscion 
nebulosus, Citharichthys spilopterus, Lagodon rhomboides, and Fundulus grandis.

Adults, as previously noted, are often associated offshore with cownose rays, crevalle jacks, 
red drum, and pompano (Lohoefener, pers. comm.).

2.11 Environmental Tolerances

Black drum are often found in hypersaline waters but are considered euryhaline because they can 
quickly adapt to a wide range of salinities (Simmons and Breuer 1962). LDWF fishery independent 
net samples (1985 through 1990) found juvenile drum in inshore waters at salinities ranging from 0.0 
to 35.9 ppt, and temperatures from 7 to 38°C.

Adults have been taken from areas that exhibit a broad range of physicochemical traits. 
Barrett et al. (1978) collected black drum 160-870 mm (6.3-34.3 in.) TL from the Timbalier Island 
area and offshore with ranges o f salinity at 0.7-20.7 ppt, temperature at 8.6-31.5 °C (47.5-88.7 °F), 
and dissolved oxygen at 5.2-11.8 mg/1. Samples (1978 through 1989) associated with LDWF's 
Louisiana Offshore Oil Port (LOOP) monitoring program found juveniles in salinities from 0.8 to 
33.8 ppt, and adults at 21.1 to 36.7 ppt.

In developing spawning suitability indices, Saucier and Baltz (1993) found several positive 
correlations of physical conditions and spawning aggregations of drum: dissolved oxygen (DO) from
9.6 to 13.8 mg/1 (=  parts per million) (no drumming was observed below 9.6 mg/I); salinities from
10.0 to 27.0 ppt (no drumming was observed below 10 ppt); temperatures from 15.0 to 2 4 .0 0  (no 
drumming was observed below 15 or above 24°C); current velocities from 2.0 to 70.0 cm/sec (the 
velocity suitability increased as current velocity increased); and, water depth ranges from 1.2 to 48.8 
m (most observations occurred from 4 to 10 m).
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Black drum have been found in salinities ranging from 0 to 80 ppt. Many adults found in 
salinities of 80 ppt had glazed eyes, or were blinded, and some had lesions on their bodies (Simmons 
and Breuer 1962). Simmons and Breuer (1962) noted that adults are commonly found in ranges of 
25-50 ppt. Gunter (1945) caught black drum of various sizes in Texas bays in salinity ranges of 2.6 
to 34.9 ppt and found them to be most abundant between 10.0 to 15.0 ppt. In coastal Louisiana, from 
April 1968 through March 1969, black drum were caught from salinities of 0.2 to 24.9 ppt; the size 
range of these fish was 45-370 mm (Ferret et al. 1971).

Fontenot and Rogillio (1970) reported no correlation of salinities to sampling success but peak 
catches were observed in salinities of 15 to 20 ppt. Rogillio (1975) noted that they had little effect on 
black drum, and Frisbie (1961) found no evident correlation between size of fish and salinity. Black 
drum have been observed in water temperatures ranging from 3 to 35 °C (37.4-95.0 °F).

Frisbie (1961) reported an observation by T. H. Bean (1902) that a low water temperature of
3.3 °C (37.9 °F) killed young black drum in captivity. Simmons and Breuer (1962) reported a freeze 
in 1951 killed more black drum than trout and red drum, but the black drum populations apparently 
recovered much more rapidly. They also observed that after a sudden decrease in water temperature 
(to 3.0 0C in Laguna Madre) black drum moved to deeper water. However, according to Pearson 
(1929), black drum are extremely hesitant to move from shallow intercoastal waters of Texas; as a 
result, drastic decreases in water temperature often result in great mortalities.

After the passage of Hurricane Andrew in August, 1992 about 27,000 (mainly adult) black 
drum were found dead in the path of the hurricane, on Point au Fer Island, Louisiana. They were 
part of a multi-species kill that involved an estimated 9.4 million fish, mainly Gulf menhaden, Atlantic 
croaker, and striped mullet. The cause of this kill was never specifically identified, but the location 
implied some association with the passage o f the storm, perhaps interacting with hypoxic offshore 
waters (LDWF, unpublished 1992).

Black drum are not adversely affected by turbid waters, though Rogillio (1975) noted larger 
catches in lower turbidities. Simmons and Breuer (1962) observed black drum apparently thriving in 
turbid water only four inches deep where the temperature was 35 °C (95.0 °F).

Thomas (1971) caught black drum while oxygen was 3.4 parts per million, temperature 35.2 
°C (95.4° F), and salinity 25 ppt. He also noted oxygen ranging from 4.5 to 10.5 ppm with 
temperatures 21.5-28.5 °C (70.7-83.3 °F), and salinities 0-6 ppt, where he caught several young black 
drum (mean lengths 10.1-36.8 mm TL).
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3.0 DESCRIPTION OF THE FISHERY

3.1 History of Exploitation

There is little documentation of the earliest recreational activities directed toward black drum. 
Pearson (1929) in describing the drum’s affinity for shallow waters stated, "It has been said that in 
past years farmers were accustomed to chase the large 10 to 40 pound drum over the shallow mud 
flats with pitchforks, such chase, of course, furnishing a considerable amount of thrill as well as fish."

Historical information and recent creel census show that black drum are not a primary target 
species among recreational fishermen. Tins is evident in the NMFS, MRFSS records listing the stated 
target species of groups of recreational anglers in the Gulf of Mexico covering all modes (Table 3.1).

Black drum have been sold commercially for at least 100 years. A U.S. Bureau of Fisheries 
report on Texas fisheries indicates landings of 50,400 pounds of black drum in 1897 and indicates that 
commercial landings records for drum predated this by stating that drum landings had risen from 
"...almost nothing in 1889 to second place in 1923" (Higgins and Lord 1926). The earliest records 
encountered for the Gulf states are a compilation of records dating from 1908, 1917 and 1919 by 
Welsh and Breder (1923) combining catches of Gulf and Atlantic states for red drum and black drum. 
These data indicate a total landing of 7,231,778 pounds with a dockside value of 280,484 dollars, an 

average of 3.9 cents per pound. Though there were some number of black drum landed during the 
1800's, the Louisiana black drum fishery existed largely as by-catch and secondary to the red drum 
segment of the industry. Even through the early 1970's, most fishermen would only target black 
drum when red drum were not available. In addition, only small and medium black drum were of any 
historical commercial value, the large fish's flesh being too coarse and often carrying parasites 
(Russell, unpublished ms 1989).

The first commercial records of black drum in Louisiana are from 1923, with Pearson (1929) 
reporting 60,000 pounds having a value of 2,000 dollars or 3.3 cents per pound. By 1929 Fiedler 
(1930) reported 266,367 pounds valued at 15,565 dollars or 5.8 cents per pound caught by fishermen 
using haul seines, trammel nets and trot- or hand-lines (Table 3.2).

3.1.1 Economics

Black Drum are economically important to the State of Louisiana and its residents as well as 
other Gulf Coast States. They provide income directly and indirectly from commercial and 
recreational activities. In both fisheries the economics have been largely interwoven with activities 
targeting other fish species, notably as bycatch of the red drum and spotted seatrout fisheries. A 
larger percentage of commercial fishermen than recreational fin-fisherman target black drum.
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Due to the lack of specific economic and market data relative to Louisiana’s estuarine 
fisheries, specifically black drum, direct comparisons of commercial and recreational fisheries 
economics can not be made. There are also differences in the methods o f assigning value to 
recreational and commercial fisheries that preclude comparisons of their dollar values.

Recreational values are usually reported as dollars from the retail level and dollars spent are 
considered as disposable income that may be redirected into other leisure activities. Commercial 
values are usually placed on the catch as dockside value which represent dollars to the fishermen at the 
producer level.

The actual economic value of these respective fisheries must include additional dollars of 
value added through further tangible and less tangible considerations. Some of these additional value 
adding steps are processing, packaging and shipping of commercial catches, increasing values of 
goods to the ultimate consumer or user from the manufacturer to wholesaler and retailer levels, and 
the value placed by the individual on the enjoyment of the recreational, commercial, consumptive and 
non consumptive activity. Attempts to quantify these additional values beyond the market price or 
actual expenditures are made by using willingness-to-pay estimates.

3.2 Commercial Fishery

The black drum fishery in Louisiana can be separated into small drum, and adult or "bull 
drum" (>  27 inches), components. Inshore fisheries can be subdivided into fisheries targeting three 
distinct size groups of the black drum: generally, 2 - 5  lbs. (small or "puppy"), 6 - 1 0  lbs.(medium), 
and 10 plus lbs. (large or "bull"). These fish are sized and sold in different value groups with both 
intrastate and interstate markets. The inshore fishery generally operates coastwide and targets all 
marketable size drum. In the adult fishery, which had operated largely east of the Mississippi River, 
90% plus of the catch consisted of large drum targeted during the spring and summer months by haul 
seines and strike-gill nets. Significant numbers of large drum had also been caught offshore, during 
winter months, by trawlers.

3.2.1 Description of Fishing Activities

In Louisiana and adjacent waters a number of different methods have been used to capture 
black drum commercially: gill nets, otter trawls, haul seines, trammel nets, trot-lines, hand-lines, and 
purse seines.

Gill nets have been the primary method of black drum capture (Table 3.3) and are generally 
used inshore. Gill nets are of two major types: "strike-nets" and "set-nets". Strike-nets have been 
used to target “bull” drum, by deploying the net to surround large schools, sometimes overlapping 
nets of other fishermen to a total length of 10,800 feet (Russell et al. 1986). When the net is used in 
this fashion it's capture range is not as size selective. In the past, such strike-nets had sometimes been
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directed by spotter plane. Strike fishing is also practiced when targeting smaller “puppy" drum. 
Typically, these operations are single vessel operations, using nets up to 1,200 feet long, operating in 
both open-water areas and smaller lakes and bays. When properly used by experienced fishermen this 
method can be the most selective of any commercial finfish gear.

The set-net, another common gear, has been employed by staking several nets, usually 
between 200-300 feet long, out from the shoreline. Fishermen also submerged large lengths of net 
anchored out over night away from shore. 1984 legislation prohibited the use of unattended nets. 
Set-nets are the most size-selective gear available. Various mesh sized gill nets have been used year 
round to catch different size drum. Osbum and Matlock (1984) reported stretched mesh sizes and 
corresponding average lengths (TL) of black drum captured: 3”- 250 mm (9.8 in.); 4 n- 330 mm (13.0 
in.); 5"- 415 mm(16.3 in.); 6"- 490 mm (19.3 in.); and nets with meshes 6" to 7" caught black drum 
445-545 mm (17.5-21.5 in.). Fitzhugh and Beckman (1987) noted that 6" stretched mesh is most 
commonly used, but as large black drum become more marketable, fishermen shift to larger mesh, up 
to 9", and catch fish 600-950 mm (23.6-37.4 in.).

Vessels used to employ gill nets are of a wide range in type and capacity; from one man skiffs 
of lengths less than 20 feet which can transport a few hundred pounds to large hulls exceeding 40 feet 
and transporting over 15,000 pounds. The average vessel approaches 30 feet in length, the smaller 
vessels are generally used for set-nets. Some operations use large ice/slush boats which are capable 
of transporting thousands of pounds of drum.

The otter trawl, a gear generally used for shrimping, is now one of the primary gears used to 
target black drum. When used to target fish, trawls are typically made of larger mesh webbing than 
when used for shrimping, to reduce drag of the gear in the water. This gear has been responsible for 
a large percentage of bull drum landed in winter months, particularly west of the Mississippi River, 
in years when shrimping was poor. East of the River, trawlers have landed drum mostly from June 
through December. In addition, large black drum had been caught as shrimp bycatch, though 
numbers have been significantly reduced with the use of TED’s. Fitzhugh and Beckman (1987) 
observed a high size selectivity for large drum with this gear, catching black drum in a range from 
422-960 mm (average 29 inches) which could be due to the offshore fishing locations. Trawl vessels 
used in catching black drum are generally large offshore boats from 30 to 70 feet long, capable of 
towing several trawls and transporting in excess of 100,000 pounds of black drum.

Haul seines were often used inshore and in near shore waters, to surround schools of large 
drum, and are most efficiently used in conjunction with spotter planes. This gear was responsible for 
a majority of the Louisiana landings of bull drum from the late 80's up to the restrictions on 
entanglement nets. They were the most efficient gear type for catching large numbers of drum inshore 
as it does not require the time consuming process of removing tangled fish, one at a time, from the 
net. Haul seines, however, are capable of capturing any marketable size black drum due to their 
relatively small mesh size. This gear was not usually used in summer months west of the Mississippi 
River. The fishermen using this gear, in addition to their net boats have often employed ice-slush
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transport boats or barges capable of transporting to 150,000 pounds. These barges often collect fish 
from several vessels to transport them to a dock. Currently this gear is used only in federal waters.

Trammel nets are an inshore gear consisting of three layers of net panels grouped together in 
a sandwich-like fashion. The inner panel being smaller, the outer panels are large enough to allow the 
inner to be pushed through it causing a pocketing effect or tangling individual fish. Trammel nets 
have not generally been used in summer months. Vessels using this gear are of small to moderate 
capacities, usually from 20-30 feet in length.

Purse seines were once a prominent gear in the offshore commercial fishery (Table 3.3). 
Purse seine permits for use in Louisiana waters were not available after 1986 (except for herring-like 
species). Though purse seines were allowed in Louisiana waters through most o f 1981, this gear was 
not exploited by Louisiana fishermen largely because the large "bull" drum had no local markets at 
the time. They have since declined in popularity due to the EEZ red drum closure, the fluctuating 
market for bull drum, and the fact that Louisiana special permits for restricted inshore use of this gear 
are no longer available. Purse seines are used offshore to surround large numbers of fish. A purse
line in the bottom of the net is tightened in a draw string fashion giving the net a bowl shape from 
which the captured drum are scooped out with large dip nets. When purse seines were no longer a 
legal gear in state waters, strike gill nets and haul seines became more popular. The vessels which 
operated purse seines targeting drum were large, ranging upwards from 40 to 90 feet. These vessels 
could catch and transport in excess of 80,000 pounds of drum per trip and some up to 300,000 
pounds. These vessels had crews from three to seven people and also used smaller boats to assist in 
setting the net and in maintaining the position of the larger vessel.

Hand-lines, longlines, and trotlines have been used sporadically in Louisiana's black drum 
fishery, though they have historically been used as a primary gear in Texas (Leard et al. 1993).

Trotlines consist of a common horizontal line anchored at the ends at the desired fishing 
location, with hooks hung along it's length at various depths. While attempting to mimic the Texas 
commercial trotline fishery that was targeting primarily black drum, McEachron et. al.(1988) set 
hooks near the surface and bottom in the upper and lower Laguna Madre. Of the total fish caught 
(4,324), black drum represented the third most common species (7.7%), red drum the second 
(23.4%), and sea catfish the most common (60.8%), during their 1985 study. They demonstrated that 
incidental catch of red drum can be reduced by positioning trotline baits on the water bottom: the 
average number per line hour decreased from 0.209 nearer the surface to 0.047 on the bottom.

Hand-lines are not staked out as trotlines are, but also result in a very broad range of capture 
sizes. These gear when used in targeting black drum are most often used from small boats with 
limited capacities and one or two men crews.

The number of gill net licenses issued indicates a maximum number of fishermen using this 
gear; however, this does not directly indicate the number of fishermen targeting black drum, as many 
land drum incidentally as by-catch, and on a seasonal basis using various gear (Fig. 9). According to
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Pearce et al (unpublished ms 1989), there were approximately 350 commercial fishermen statewide 
who targeted black drum.

In 1989, quotas paired with size limits were established, requiring adult or "bull" drum be 
caught only by permit in the commercial fishery. The average number of fishermen issued permits to 
catch black drum > 27  inches 1990/91 to 1995/96 has been 120 (range: 115 to 165). As of this 
writing the 1996/97 permitees total 77.

In 1992 the licensing regulations were changed so that salt water gill nets were licensed 
separately allowing any number of salt water gill nets to be used per licensee.

With Act 1316 of the 1995 legislative session, entanglement nets (gill nets, seines, and 
trammel nets) were banned in salt waters o f Louisiana. Special gear permits and licenses established 
in this act allow for limited use of these gear for catching black drum seasonally, until March 1, 1997. 
Commercial fishing under these restrictions is not allowed at night or on weekends.

A commercial rod and reel license, that was also created by Act 1316, may be used in order 
to catch black drum. This license, like the aforementioned permits, can only be obtained after certain 
strict criteria are met. Specifics can be obtained through the LDWF Commercial License Section, 
LDWF Enforcement Division, or LDWF Marine Fisheries Division.

3.2.2 Effort and Harvest

The commercial black drum landings in the Gulf of Mexico fishery have fluctuated from 
approximately 1 to 2 million pounds per year from 1923 to 1978, averaging 1.7 million pounds. A 
low of 729,000 lbs. occurred in 1940, and the high for that period was 2,821,000 in 1978. Landings 
have increased steadily from that point to 1988 totals of approximately 10.5 million pounds. While 
most Gulf States' black drum landings have remained relatively stable, those of Louisiana and 
Mississippi have greatly increased through the '80s then declined again to a Gulf low of 2.1 million 
pounds in 1991 (Figure 1).

Historical landings of black drum in Louisiana, which were relatively low through the 
1950's, began to increase through the 1960's possibly due to the introduction of the monofilament gill 
net (Russell, unpublished ms 1989) (Table 3.2, Figure 1). Figure 10 illustrates Louisiana's 
geographical commercial landings trends from eastern and western areas from years 1989-1995. The 
majority of landings through the 1970's occurred in central Louisiana coastal parishes west of the 
Mississippi River. In the late 1970's, the drum fisheries began a more rapid expansion due to greater 
public demand for fishery products, a corresponding increase in dockside price, and an increase in 
local processing ability. As the fish became more popular in the 1980's there were concurrent 
landings increases further westward. The market for the large drums developed during late 1980 
when fishermen landed large amounts of black drum taken incidental to other fishing operations. 
Non-resident purse seiners had discovered a market in Africa for the product and began to take
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advantage of this opportunity. Soon New Orleans area seafood dealers followed suit (Leard et al 
1993, Russell unpublished ms. 1989). East of the Mississippi River landings increased dramatically 
as regional fish dealers developed red and black drum markets which included the bull drums for the 
first time.

Before the EEZ red drum closure and Louisiana's commercial moratorium on red drum in 
1987 black drum had been sold in lower volumes than the more preferred red drum. The rise in 
popularity of red drum through the 1980's created a demand that was met, in part, by using very large 
red drum processed as filets. These same markets would occasionally use black drum, a cheaper but 
slightly less popular substitute. However, once the moratorium was in place the market shifted 
largely to black drum. At first only conventional commercial gear was used to capture fish to 
accommodate this market. Fishermen then found that they could use spotter planes to easily locate 
very large schools of bull drum which could subsequently be captured with haul seines or modified 
gill nets. Larger vessels using haul seines and carrying an ice slush could catch and/or transport large 
amounts of black drum providing a fresher product essentially on the fish dealer's demand. 
Unfortunately fishermen also discovered that occasional large landings or groups of large landings of 
drum were capable of flooding the market and depressing prices. Operators of smaller vessels 
claimed they were being driven out of the fishery. This was amplified by more large vessel fishermen 
and new dealers attempting to enter the drum markets. Spotter planes were subsequently restricted to 
use in the menhaden industry; this regulation met with only limited success at restoring the more 
historical fishery.

Louisiana accounted for 8.8 million pounds of the record 1988 Gulf landings of 10.5 
million pounds (Tables 3.2 & 3.3). Landings figures have since fluctuated: declining from 1989 to 
1991 (1.9 million pounds), then increased to 1994 (3.7 million pounds), and declined again to the 
current 1996 landings (approx. 1.2 million pounds, the lowest figure since the 1970's). Possible 
causes were suggested: 1) less fishing incentive in EEZ (in conjunction with the red drum 
moratorium); 2) fishermen were redirecting efforts to other species such as mullet and sheepshead; 3) 
"softer" markets driving down prices for small drum, and demand for bull drum declining as the red 
drum were no longer available (Harlon Pearce pers. comm. 1989); 4) overfishing in certain 
geographic areas (Russell et al. 1987) and 5) regulatory changes. The percent component of bull 
drum in these landings figures has also fluctuated, decreasing from 60% in the 1990/91 season to 24% 
in the 1993/94 but then upward again to 47% of the 1995/96 season landings (Figure 11). Some of 
this latest trend may be due to market adjustments and fishing effort shifts based on regulation changes 
at the time.

3.2.3 Mariculture

Aquaculture does not seem economically practical at this time due to the black drum's 
availability to the commercial fishermen and the recent focus on red drum. Richards (1973) noted the 
black drum's adaptability to a wide range of situations, its quick growth and the high value of fish 1-5 
pounds. This may warrant further investigation by interested parties.
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Marcello and Strawn (1972) experimented with cage culture of small marine fishes 
including black drum. Two drum were maintained in cages for 233 days in the intake canal of a 
steam-electric generating station in Galveston Bay, Texas. The feed used was Purina trout chow 
(40% protein) with a pellet size of 7 mm x 5 mm. The amount of supplemental food was 3 % or 5 % 
of total weight in a cage. Both percentages were used at different times. The fish were fed once 
daily, 6 days per week. Toward the end of the experiment, after the December 1971 growth 
sampling, the black drum did not receive supplemental feed. The average length and weight increased 
about 78 mm and 436 g and the relative growth in average weight was 186.3%.

Keney and Zein-EIdin (1986), and Henderson-Arzapalo et al. (1994) indicated that drum 
could be suitable for mariculture. Henderson-Arzapalo et al. (1994) in a 1984 mariculture trial 
artificially crossed a black drum female (BD?) x red drum male (RDcf), and a RD¥ x BDcf to 
achieve a fertilization rate of 79.2% and 0 % respectively. Black drum, red drum, and hybrids were 
all simultaneously cultured for 9 months in order to make comparisons. The hybrid was found to 
have similar flavor, and the faster growth rate of the three groups (3,000 fmgerlings grown out over 
230 days). Averages at harvest of weight, length, and production for each group were, hybrid: 190 
g, 245 mm, and 10.7 kg/ha/day; black drum: 144 g, 214 mm, 10.6 kg/ha/d; and red drum: 142 g, 
236 mm, 7.0 kg/ha/d. Black drum had higher survival rates (94 to 72 %) than the hybrid but a lower 
mean food conversion rate. External parasites were more of a problem on the hybrids; they noted a 
susceptibility to parasitic copepods and Argulus sp..

3.2.4 Economics of Commercial Fishing

An economic analysis of a commercial fishery will involve dockside values. However, 
using only dockside values will not measure the total benefit of the fishery to society. Commercial 
fishermen may accept lower financial returns and more uncertain benefits to remain within their 
occupation. There may be other non-monetary values the fisherman receives, such as more freedom, 
the aesthetic setting, wildlife seen while fishing, etc. Dockside values will not completely capture this 
value.

The total benefit to consumers of black drum is greater than a dockside price. Total 
benefits to consumers include the dockside price, any value added, and the willingness of some 
consumers to pay more than the market price. Value added is any processing or preparation of the 
fish. Some consumers would be willing to pay more for black drum than the market price because 
they derive more satisfaction from its consumption. The total benefits to the Louisiana economy 
would include all these items.

Information on annual landings, dockside values, prices and regional share of a fishery are 
useful in trend analysis and serves as an indicator of how a particular fishery is performing. 
Economic data associated with Louisiana's commercial landings of black drum for the 1970-95 period 
is contained in Table 3.5.
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Commercial landings (harvest) of black drum in Louisiana increased from 434 thousand 
pounds in 1970 to over 2.9 million pounds in 1995. In 1988, the largest recorded annual Louisiana 
black drum harvest was over 8.7 million pounds.

Much of the initial increase in Louisiana’s black drum landings during the 1970 to 1994 
period occurred in the 1980's and was linked to the increased popularity of red drum (S. Russel 
unpublished data 1989). Black drum was considered an excellent substitute for red drum and was 
touted for it’s similarity in taste and texture to red drum. Other factors which may have attributed to 
changes in the historical landings of black drum include: changes in dockside prices, the reduced 
abundance and/or increased regulations on other species; changing laws and regulations (such as gear 
restrictions); the introduction of new harvest technologies; expanding markets of other species; and 
changes in consumer attitudes and the substitutability of black drum for other species.

Louisiana's share of the Gulf of Mexico commercial black drum landings also increased 
from 32.3 percent in 1970 to 49.8 percent in 1995. Louisiana's largest share of the Gulf Region black 
drum harvest was 83.7 percent which occurred in 1988. Since 1985, Louisiana has led the Gulf 
Region in commercial landings of black drum. However, Florida’s share of the total Gulf Region has 
increased substantially in the pass two years. (For more historical information on landing for 
Louisiana and the Gulf Region, see Table 3.2).

Commercial annual dockside value is determined by the ex-vessel price received and 
quantity landed. The annual commercial dockside value of black drum has increased from $32,644 
dollars in 1970 to $2,332,328 in 1995. This increase reflects both an increase in annual landings and 
in the per pound dockside price (Table 3.5).

Much of the increase in the dockside value of black drum during the 1970-95 period was 
inflationary based. The value o f the black drum fishery in Louisiana, after removing the effects of 
inflation using the 1982-84 consumer price index as the base, increased by a factor of 18.3 from $84 
thousand annually in 1970 to over $1.5 million annually in 1995. The 18.3 factor increase in 
dockside value without inflation is significantly smaller than the factor increase of 71.4 with inflation. 
Table 3.5 shows that the deflated dockside price of black drum landings increased by a factor of only
2.7 from 1970 to 1995.

Black drum are sold in various size categories and are normally classified as puppy drum 
(1-2 lb.), small (2-5 lb.), medium (6-10 lb.) and large or bull drum (10 +  lbs). Puppy drum are not 
a very desirable fish in most markets (with some exceptions in the Cameron Parish Area) and are 
therefore not considered commercially important (Pearce et al. unpublished m.s. 1989). The small(2-5 
lb.)black drum landed in Louisiana are marketed largely in Louisiana and adjacent gulf states and are 
normally sold fresh in the form of drawn or dressed. The most important market for black drum are 
the restaurant and food service outlets. Over 90 percent of the large black drum are marketed out of 
state as fillets(Leard, R., et. al, 1993 ).
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Table 3.6 presents the annual range of ex-vessel black drum dockside price per pound for 
various size categories from 1988 - 1991. The midpoint ex-vessel dockside price per pound range for 
the small black drum category is 1.5 and 7 times higher than for the medium and large “bull” black 
drum categories, respectively. Note that the large variation in ex-vessel dockside price per pound 
received by commercial fishermen for the various market size categories could substantially influence 
the average annual reported black drum landing value per pound.

Since the black drum fishery comprises a single component of Louisiana's commercial 
fishing sector, it is important to identify the change in commercial harvest revenues that would be 
associated with a decline in commercial catches of black drum. Most fishermen are multi-species 
fishermen and gear used in one fishery can be utilized for harvest of other species. Thus, overall 
industry revenues may not decline proportionately with declining landings because commercial 
fishermen can often redirect efforts to other species. Thunberg et al. (1991) concluded that 
restrictions on red drum harvest led to only a moderate decline in revenues from Florida's near-shore 
fishery because fishermen were able to redirect efforts to other near-shore species. They also found 
the ability to switch to other species was geographically dependent. Caution should be exercised 
when applying these results to Louisiana because the ability to redirect commercial effort will become 
increasingly limited as additional restrictions are placed on more species. Income derived from other 
species such as black drum may be important in keeping these multi-species fishermen in the industry 
(William et al., 1980).

3.3 Recreational Fishery

Black drum are not a primarily targeted species of sports fishermen. Most recreational 
fishermen land black drum as incidental catch, with only a small percentage citing them as a desired 
species, as evidenced by the 1984 Louisiana Department of Wildlife and Fisheries creel census results 
(Adkins et al. 1990). According to that report, coastal Louisiana fishermen targeted primarily red 
drum and spotted seatrout, by 49.3% and 63.8% respectively, and no other species by more than 4%, 
in this order: largemouth bass, silver/sand seatrout, red snapper, black drum (0.6%), croaker, 
flounder, king mackerel, and blue catfish. O f the total number of fish caught, 75% consisted of red 
drum, sea catfish, spotted seatrout, and croaker. The only others to each add to greater than 1 % of 
the total catch, in order of abundance, were sheepshead, black drum (3.3%), largemouth bass, 
flounder, and bluegill. These findings are further corroborated by the results of Marine Recreational 
Fishery Statistics Survey (MRFSS) data (in Table 3.1) demonstrating that most saltwater fishermen 
land black drum as incidental catch with only a small percentage actually targeting black drum as a 
desired species. The 1993 recreational saltwater survey indicated that spotted seatrout and red drum 
are the primary targeted saltwater species of about 90% of Louisiana saltwater anglers who expressed 
preferred species (Kelso et al. 1994). Flounder was the third most preferred species followed by 
black drum and red snapper. Similar results were reported in the 1990 and 1991 recreational surveys. 
Many anglers indicate no preference for a particular species as indicated in Table 3.1. The percentage 
of respondents that indicate no preference in the 1990, 1991 and 1993 recreational surveys ranged 
from 13% to 40%, depending on the survey.(Kelso et al. 1990, 1991, and 1993). Figures from
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reports from MRFSS (1980 - 1994) indicate the percent of Louisiana fishermen who preferred black 
drum ranged from 0.1% to 2.3% averaging 0.7%, though fishermen with no preference comprised 
the highest category ranging from 19% to 59% (Table 3.1).

The 1990 and 1991 recreational surveys indicated that, having a diversity of species to fish 
for was important to all anglers and that the satisfaction of a fishing trip increased with the number of 
fish caught (Kelso et al. 1990 and 1991). The 1993 recreational survey revealed that a majority 
(73.9%) of the saltwater anglers were satisfied with current black drum regulations (Kelso et al.
1994).

3.3.1 Description of Fishing Activities

Various recreational surveys (MRFSS, Adkins et al. 1990) state that the Louisiana 
fishermen who targeted black drum preferred small fish (less than 5 pounds). They utilized a variety 
of small boats and tackle, largely inshore within short distances from the coast. Many black drum 
were also caught from the bank, near man-made structures, such as bridges and oil rigs, both inshore 
and in Gulf waters. Recreational fishermen caught drum more frequently from October through 
February. The larger average size fish were caught April through September with largest fish being 
caught in passes during February and March. These "bulls" are more heavily targeted for fishing 
rodeos. Baits commonly used were crab, clam, shrimp and cut fish. Black drum are usually fished 
with bottom rigs utilizing casting equipment and occasionally hand-lines.

3.3.2 Effort and Harvest

Recreational black drum landings for Louisiana before the implementation of regulations 
(1980-1988) reveal a wide range in numbers landed, averaging approximately 500,000 individuals 
with apparent fourth year peaks possibly due to good recruitment of year one fish. A recreational bag 
limit and size limits were introduced in October 1989. These limited recreational fishermen to a creel 
limit o f five fish from 16 to 27 inches in length, with an allowance of one fish that may be over 27 
inches). The average harvest decreased to approximately 160,000 fish annually under these 
regulations. It should also be noted that these landings reflect a pre-regulation/post-regulation release 
rate of approximately 30% pre- to 70% post- respectively (Figure 12).

A  summary of recreational landings by percentage of individual fish by state for 1979 
through 1995 is summarized in Table 3.4, updating the information of Sutter et al. (1986). This table 
also indicates the gulfwide modes most commonly used for capturing black drum.

The catch figures listed in Table 3.4 are estimates of all drum caught, including those 
released, used for bait or otherwise unavailable. There is a considerable bank/shore segment of the 
black drum fishery which represents an average of 36% of the total MRFSS catch from 1979 through 
1995. The average weight of black drum landed in Louisiana during this period was 2.8 pounds. The
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average number of fish harvested in Louisiana's recreational fishery (1979-1995) was 434,635 fish 
(Figure 12). MRFSS figures from 1981 through 1995 indicate that an average of 68.9% per year, of 
the black drum harvested, were caught inshore.

Information provided by the National Marine Fisheries Service on numbers, poundage, and 
average harvest weight of black drum caught and harvested by Louisiana recreational anglers are 
presented in Figure 12 for the years 1979 through 1995. The percent of black drum harvested of total 
harvest have decreased since 1981, while the average harvest weight and release rates increased. 
Average harvest weight of black drum increased from 2.9 pounds in 1981 to 4.6 pounds in 1994. 
The percent of black drum harvest of total recreational harvest (all species) declined from 2.7% in 
1981 to 1% in 1994 (Table 3.7). Furthermore, the percent of black drum released in 1995 (71.5%) 
is over 2.3 times what was released in 1980 (25.7%) (Table 3.7, Figure 11). These changes and 
variations in the annual recreational black drum data may be caused by a number of factors including: 
changes in angler attitudes toward black drum; changes in laws and regulations such as bag and size 
limits; or reduced abundance of black drum caused by biological, climatological, environmental or 
habitat factors; or increases in harvest of other (target) species; however, these are probably due to 
regulation changes requiring release.

Adkins et al. (1990) estimated that 105,778 black drum averaging 15.5" were harvested 
recreationally by Louisiana fishermen during 1984. Of the drum caught by anglers in the 1984 
LDWF survey, 69% were kept.

Louisiana required a recreational saltwater license beginning in the 1984-1985 season with 
102,125 sold initially. For 1985 through 1989 salt water license sales averaged 206,000. The 
number of these licenses sold from 1990 through 1994 averaged 280,000 and further increased to 
315,757 for 1994-1995 (Figure 12). The differences in the licenses sold and the MRFSS estimates of 
angler numbers is partly due to the exemption of ages under 16 and over 60 from recreational 
licensing requirements, but may also include error in the estimation of the numbers of anglers.

Adkins et al. (1990) conservatively estimated there were 150,000 recreational saltwater 
fishermen in Louisiana during 1984. Saltwater licenses were required by 105,000 while 45,000 were 
exempt due to age. These fishermen averaged 15 days of saltwater fishing per year and 5.3 hours per 
trip. A total of 7,658,560 hours of fishing effort was estimated for the year. They also noted that the 
number of 1984 trips was 43.6% less than the National Marine Fisheries Service (NMFS) average 
from 1979 to 1983 and 1985. Some of this reduction may have been due to the severe freeze of 
December, 1983, causing many anglers to believe no fish were available. The range of catch per 
effort for black drum for the period during 1984 LDWF census was 0.01-0.25 drum per trip. The 
average catch was 0.014.

Comparisons using these recreational landings to those of commercial landings can be 
useful; however, they should be interpreted cautiously due to the differences in survey techniques and 
extrapolations. While it appears that recreational landings were much higher than commercial
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landings up to 1978, Fitzhugh and Beckman (1987) gave several reasons for using these 
"independently...as trend indicators."

The IGFA all-tackle world record black drum is a 113 pound fish taken off Delaware, 
September 15, 1975. Although larger black drum have been reported (Welsh and Breder 1923), they 
were not included in the records. Fish caught in the Gulf of Mexico usually range from 1 to 3 pounds 
and from 10 to 40 pounds in Atlantic coastal waters (Silverman 1979). The Louisiana Outdoor 
Writer’s Association (LOWA) Louisiana record is 77 pounds, 0 ounces, caught by Timothy Joseph 
Darcey, April 1975. (Ford, 1996).

3.3.3 Economics of Recreational Fishing

Recreational fishing is a highly diverse activity and has economic value. Participants are 
seeking a recreational experience and are willing to pay more for this activity than it actually costs 
them. Households actually "produce" recreational trips by allocating their time, buying market 
services, and combining these with publicly provided natural resources (McConnell and Strand, 
1994). The value of recreational fishing is variable across individuals and trips. It will depend on 
many conditions-the quality of fishing, the weather, the skill of the angler, etc.

There are two kinds of economic value for recreational fishing. One is the access value to 
a resource. Access pertains both to the overall opportunity for fishing and to the opportunity for 
fishing in specific locations. The value of access is what anglers would pay rather than do without or 
the amount they would accept as compensation for their loss of access. The second kind of economic 
value is the value o f catching an additional fish. This is the amount an angler is willing to pay to 
catch more fish, larger fish, or more desirable fish. This amount will depend on many things, such 
as the species sought, the time when fishing takes place, the mode of fishing, the weather, 
environment, etc.

The estimation of the value of a recreational fishery such as black drum will involve the 
measure of species specific effort and the expenses incurred. There have been several studies made 
to collect total numbers o f recreational fishermen, percentage of fishermen targeting various species, 
average number of fishing trips per year, and expenditures per trip. Data from these studies have 
been highly variable among studies, even over the same time period. Conclusions drawn from these 
studies should therefore be viewed with caution.

Recreational fishing effort depends primarily upon the number of fishermen and number of 
trips per fisherman. Individual fishing effort is largely a function of the expenses incurred in the 
activity and the perceived benefits received from the activity. As costs rise and benefits remain the 
same, effort tends to decrease. Costs can increase through increased spending, in relation to other 
leisure activities, or fraction of disposable income. Anglers can receive both tangible and intangible 
benefits from fishing activities. Tangible benefits include the number or quality of fish caught. 
Intangible benefits can be enjoyment of the outdoors, change in routine, companionship, etc.
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Fishing effort will continue as long as the economic costs are not greater than the anglers 
satisfaction (or what economists call utility). Net Fishing benefits (satisfaction minus costs) may 
decline due to satiation, declining catch per angler, congestion at favored locations, degradation of 
aesthetic value of trips, or from increased fishing costs.

Direct expenditures per trip for marine recreational anglers in Louisiana were estimated at 
$53 (Kelso et al., 1992), $64 (Bertrand, 1984), $75 (Kelso et al., 1991), and $133 (litre  et al., 1988). 
Direct expenditures include spending for automotive and boat fuel, lodging, food and drinks, ice, boat 
launch fee, bait, and other expenses directly related to the trip. In addition to trip expenditures, 
anglers purchase equipment (boats, motors, trailers, vehicles) and speciality gear. This equipment is 
used for more than one trip and even over several years. Their costs need to be allocated over time. 
Published annual estimates of these expenses vary widely depending on what is included: $698 (U.S. 
Fish and Wildlife Service, 1993), $824 (Kelso et al., 1991), and $1108 (Kelso et al., 1992).

Bertrand (1984) estimated total annual expenditures by saltwater anglers in Louisiana as
180.6 million dollars. Estimates can also be calculated from other surveys. From a 1985 survey, the 
U.S. Fish and Wildlife Service (1988) estimated that state residents spent a total of $197 million 
dollars on saltwater fishing expenses, including equipment and trip-related expenses. Nonresident 
fresh and saltwater anglers spent an estimated $36.7 million in trip-related expenses in Louisiana. To 
estimate total nonresident saltwater expenses, nonresident expenditure data was adjusted by the same 
proportion as the state resident spending for fresh and saltwater fishing trips. This yields total 
saltwater expenditures o f $210 million. From the next survey in 1991, the U.S. Fish and Wildlife 
Service (1993) estimated expenditures of 158.8 million dollars by state residents on saltwater angling. 
Nonresident fresh and saltwater anglers spent an estimated $60.3 million in trip-related expenses in 
Louisiana. As in the 1985 U.S. Fish and Wildlife survey, expenditures of nonresident anglers were 
not broken out by fresh and saltwater expenditures. However, from the 1991 survey data, the Sport 
Fishing Institute estimated that expenditures of saltwater anglers in Louisiana total $183.3 million 
(Fedler et. al).

Direct expenditures for the fishing trip may be less than the angler would be willing to pay 
for the entire experience. The difference between the costs of the trip and what the angler is willing 
to pay is called consumer's surplus. This is a measure of the value that the angler receives for 
benefits other than the fishing activity. Titre et al. (1988) found that the average recreational user 
would be willing to pay approximately $320 to $360 annually for the right to recreate in Louisiana 
wetlands under certain conditions of harvest, catch, and amenity situations. This $320 to $360 
represents an estimate of the consumer's surplus and when added to direct expenditures, provides a 
total economic value for an angler's trip.
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4.0 RESEARCH NEEDS

The following data needs and priority research areas have been identified:

1) Fishery Dependent Data Collection

This includes characterization of commercial gear types utilized, areas fished, size of 
harvest, age of harvest, reproductive data, and other trip specific information not available through 
standard NMFS reporting methods. This information is necessary because it allows more accurate 
identification of the fishery, e.g., extrapolations of catch per effort, water-body specific landings, and 
length or age frequency of the harvest, for stock assessment purposes.

Recent legislation has brought substantial change to the character of the black drum fishery, 
other estuarine fisheries, and their associated markets. Close monitoring will be necessary in order 
to react properly and in a timely manner to changes in the fisheries as effort and gear are redirected.

Current methods available for monitoring recreational impact and changes are limited. 
Additional surveys of recreational fishermen are needed to improve catch per effort information and 
detect changes in the important recreational species composition by size, age, etc. This would allow 
us to more precisely monitor changes and evaluate existing management measures.

In the presence of changing regulations, fishery-dependent information is not a reliable 
source o f data for assessing the status of a fish stock. However, such data are necessary to measure 
the effects of fishing on that stock. Consistent fishery-dependent and fishery-independent data 
sources, in a comprehensive monitoring plan, are essential to understanding the status of fishery 
stocks, and to identifying causes of changes in stock abundances. Present programs should be 
assessed for adequacy with respect to their ability to evaluate stock status, and modified or enhanced 
to optimize their capabilities.

2) Fishery Independent Data

Fishery independent monitoring provides population structure data rather than harvest 
information. This provides relative abundance, indices of relative year class strengths, and success of 
spawns. It also helps management by targeting segments of black drum populations (and other 
species) where life history information is lacking.

Saucier And Baltz (1993) suggested further studies that would "... characterize habitat 
selection in terms of spatial and temporal variation...relative to other life history events that influence 
reproductive success." They proposed that by modeling the habitat selected for spawning, the 
quantity of suitable habitat and spawning success could be predicted given specific environmental 
conditions (most of which influence salinities).
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3) Tagging

This type of information allows insight to movements and behavior, e.g., escapement and 
growth rates needed to assist in determining the spawning stock biomass. The extent of migrations of 
large schools within their range is not known, and this is pointedly true for the medium sized black 
drum prior to reaching maturity (ages 4-6 years) where they have largely "disappeared” from the 
fishery dependent landings information.

4) DNA Electrophoresis

Further analysis of genetic tracers are needed to determine if different stocks exist, and 
potential interactions between stocks in different areas of Louisiana or Gulf waters.

5) Age and Growth

Characterization of this species' ages through use of otolith and various validation 
techniques should be continued and encouraged.

7) Social and Economic Information

Social and economic information is needed on participants of the black drum fishery. 
Information on other fisheries that these black drum fishers participate in, processing and marketing 
cost, investment, operating and harvesting costs, could help identify the health of the industry and 
impacts of regulatory changes on participants in the fisheries. In addition, a description of the 
marketing system, product forms and value added estimates by the various marketing sectors is 
needed.
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Table 2.1 Weight at length of black drum from length/weight regressions of Harrington et al. 
1979 (TL/WT) and Hein et al. 1980 (FL/WT).

FORK LENGTH WEIGHT TOTAL LENGTH WEIGHT
(inches) wt (lbs.) (inches) (lbs)

5 0.07 5 0.06
6 0.11 6 0.10
7 0.18 7 0.16
8 0.28 8 0.24
9 0.39 9 0.34
10 0.54 10 0.47
11 0.73 11 0.62
12 0.95 12 0.80
13 1.21 13 1.02
14 1.52 14 1.27
15 1.87 15 1.56
16 2.28 16 1.89
17 2.74 17 2.26
18 3.26 18 2.68
19 3.85 19 3.15
20 4.50 20 3.67
21 5.22 21 4.24
22 6.02 22 4.87
23 6.89 23 5.55
24 7.85 24 6.30
25 8.89 25 7.12
26 10.01 26 7.99
27 11.24 27 8.94
28 12.55 28 9.96
29 13.97 29 11.06
30 15.50 30 12.23
35 . 24.80 35 19.34
40 37.26 40 28.75
45 53.37 45 40.80
50 73.59 : 50 55.79

' 55 74.05
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Table 2.2 Average length and weight of black drum at various ages based on the sloped- 
asymptote double von Bertalanffy growth equation and length/weight relationship of 
Beckman era/. 1990.

AGE FORK LENGTH 
(inches)

TOTAL LENGTH 
(inches)

WEIGHT
(lbs)

1 10.27 10.81 0.59
2 17.09 18.23 2.78
3 20.99 22.51 5.21
4 23.30 25.05 7.16
5 24.73 26.63 8.59
6 25.69 27.69 9.65
7 26.39 28.47 10.47
8 26.95 29.09 11.17
9 27.43 29.63 11.79
10 27.88 30.12 12.38
11 28.30 30.58 12.96
12 28.70 31.03 13.53
13 29.10 31.48 14.12
14 29.50 31.92 14.71
15 29.89 32.36 15.32
16 30.29 32.79 15.94
17 30.68 33.23 16.58
18 31.07 33.67 17.24
19 31.47 34.10 17.91
20 31.86 34.54 18.60
25 33.82 36.72 22.31
30 35.78 38.91 26.50
35 37.74 41.10 31.18
40 39.70 43.30 36.39
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Table 3.2. Black drum commercial landings by state from the Gulf of Mexico, 1923 through 1995.
Y e a r F l a . A l a . M i s s .  L a .

( t h o u s a n d s  o f  p o u n d s )
TX. G u l f

1923* 142 - 39 60 1 , 0 2 8 1 ,2 6 9
1932" 48 1 89 87 932 1 , 1 5 7
1934" 100 1 4 199 2 , 2 5 3 2 , 5 5 7
1936" 197 2 8 150 2 , 2 5 7 2 , 6 1 4
1939" 84 3 26 150 1 , 3 2 0 1 ,5 8 3
1940" 130 1 14 92 492 729
1945" 986 65 20 301 1 ,2 1 3 2 , 5 8 5
1950" 50 3 20 197 708 978
1951" 36 11 8 235 702 992
1952" 126 3 2 139 614 884
1953" 71 2 5 64 770 912
1954" 45 2 1 68 2 , 1 9 1 2 , 3 0 7
1955" 48 3 14 128 1 , 9 7 2 2 , 1 6 5
1956" 69 5 39 14 8 1 , 8 5 2 2 , 1 1 3
1957" 62 2 21 184 1 , 5 0 2 1 , 7 7 1
1 9 5 8 ' 128 9 28 178 1 , 0 7 1 1 , 4 1 4
1959= 124 10 38 161 1 , 2 8 8 1 , 6 2 1
1960= 191 2 15 190 1 , 5 2 0 1 , 9 1 8
1961= 75 2 23 388 1 , 6 3 5 2 ,1 2 3
1962= 58 2 22 390 1 ,3 7 3 1 ,  815
1963* 100 10 17 344 1 ,3 6 3 1 ,  831
1964= 88 17 46 306 1 ,4 0 9 1 , 8 6 6
1965= 65 3 33 195 1 , 4 7 0 1 , 7 6 6
1966= 65 4 20 247 1 , 0 0 7 1 ,3 4 3
1967= 75 8 33 264 1 , 0 6 1 1 , 4 4 1
1968= 84 16 75 360 677 1 , 2 1 2
1 9 6 9 d 63 43 114 478 610 1 ,3 0 8
1 9 7 0 d 50 24 53 434 783 1 ,3 4 4
1 9 7 1 d 73 31 21 506 1 , 1 3 8 1 ,7 6 9
1972" 96 44 23 540 1 , 1 6 5 1 ,8 6 8
1 9 7 3 d 84 80 14 541 1 , 2 0 8 1 , 9 2 8
1 9 7 4 d 60 53 10 440 1 , 3 5 7 1 , 9 2 0
1 9 7 5 d 35 20 20 276 1 ,1 7 2 1 ,5 2 3
1 9 7 6 d 27 19 48 579 2 , 0 9 1 2 , 7 6 4
1 9 7 7 d 20 25 44 583 1 ,4 5 4 2 , 1 2 6
1 9 7 8 d 34 25 396 580 1 , 7 8 6 2 , 8 2 1
1 9 7 9 “ 215 31 1 , 9 3 4 536 1 , 5 3 1 4 , 2 4 7
1 9 8 0 d 312 48 4 , 0 4 5 472 1 ,0 5 8 5 , 9 3 5
1 9 8 1 d 750 89 2 , 1 2 2 2 , 8 8 9 644 6 ,5 1 4
1 9 8 2 d 56 79 1 , 1 8 4 1 , 6 9 0 1 , 2 4 9 4 , 2 5 8
1 9 8 3 d 404 96 1 , 4 1 7 1 , 8 5 9 1 , 4 9 3 5 , 2 6 9
1984" 439 60 2 , 5 5 9 1 , 9 7 6 900 5 ,9 3 4
1 9 8 5 d 369 34 2 , 5 4 3 3 , 4 2 1 644 7 , 0 1 1
1986" 579 253 972 5 , 2 2 6 588 7 ,6 1 9
1 9 8 7 d 436 370 960 8 , 0 2 1 857 1 0 ,6 4 4
1988" 148 122 702 8 , 7 5 7 739 1 0 ,4 6 8
1 9 8 9 d 204 56 119  4 , 4 0 6  703 5 , 4 8 8

LOUISIANA REGULATIONS ENACTED ( 1 0 / 8 9 )
1 9 9 0 d 48 56 217 2 , 8 7 6 635 3 , 8 3 2
1 9 9 1 d 49 22 21 1 , 9 1 4 460 2 , 1 2 5
1 9 9 2 d 49 37 13 3 , 0 1 4 846 3 , 9 5 9
1 9 9 3 d 49 66 24 3 , 1 7 8 826 4 , 1 4 4
1 9 9 4 d 48 56 57 3 , 7 3 9 1 , 8 2 2 5,72*2
1 9 9 5 d* 26  . .  57 36 2 , 9 9 9 2 , 9 0 4 6 ,0 2 3

* P r e l i m i n a r y  
P l a .  (W es t  C o a s t )
• S u m m a r iz e d  i n  P e a r s o n  (1929)
^S u m m a r iz e d  i n  Simmons a n d  B r e u e r  (19 6 2 )  
'B u r e a u  o f  C o m m e r c i a l  F i s h e r i e s  
‘' N a t i o n a l  M a r i n e  F i s h e r i e s  S e r v i c e
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Table 3.3. Number of commercial La. gear licenses and percent of black drum catch by gear type. 
Resident licenses only.

Year
Haul
Seine Trawl

Trammel
Net Line

Purse ** Gill
Seine Net

Rod
Reel

1984 609
2.7%

17,843
5.49%

414
4.46%

N/A
3.8%

33
30.1%

2,252
43.4%

N/A

1985 442
19.4%

15,927
4.7%

423
9.9%

N/A
0.8%

34
23.4%

2,031
31.8%

N/A

1986 345
11.0%

16,311
16.3%

377
11.0%

N/A
2.7%

26
5.3%

2,118
56.5%

N/A

1987 281
4.0%

24,358 
17.8%

826
9.7%

N/A
9.5%

N/A
2.6%

3,271
56.5%

N/A

1988 236
4.2%

20,578
10.7%

605
2.4%

N/A
2.6%

N/A
6.7%

2,476
73.4%

N/A

1989 265
0.7%

18,270
13.0%

619
2.5%

180
0.3%

N/A
0.0%

2,717
85.6%

N/A

1990 257 16,735 594 1,055 - - 2,565 N/A

1991 249 14,959 536 1,012 - - 2,645 N/A
1992 218 13,866 493 995 - - 831 N/A
1993 184 11,349 486 1,016 - - 900 N/A
1994 196 10,231 489 1,053 - - 1,020 N/A
1995 162 10,064 4 67 1,170

**
781

755/ 34 3

1996* 0 9, 834 0 1,365 - - ** 844/120 24

LDWF, Commercial Licenses 
♦PRELIMINARY (through November, 1996)
N/A-Not available
**Mullet strike net/Pompano strike net substituted for SW Gill net license, 
winter of 1995
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Table 3.4. Summary of recreational fishing statistics for black drum in the Gulf of Mexico, 
(updated from Sutter et al. 1986).

YEAR
T o t a l

U . S .  c a t c h

U . S .  c a t c h  
f r o m  G u l f  o f  

M e x ic o
P e r c e n t  

o f  G u l f  c a t c h

E s t i m a t e d  G u l f  
c a t c h  b y  f i s h i n g  m ode 

( t h o u s a n d s  o f  f i s h )
( t h o u s a n d s  1 ( t h o u s a n d s  i b

o f  f - i c h l  1 o f  f i s h )  1 FT.
w  G u l f  S t a t e  

AT. MR T.A TX 1 S h o r e
| P a r t y /  | R e n t a l /
1 C h a r t e r 1n r i v a t e T o t a l

1 9 7 9 - 2 , 6 6 5 12 , 2 4 5 ( 8 4 . 2 % ) | 3 . 3 . . .  _ 3 9 . 8 5 6 . 3 | 2 6 7 | 1 , 9 7 8 2 , 2 4 5

1 9 8 1 - 1 , 7 1 3 11 , 6 3 8 ( 9 5 . 6 % ) | 5 . 6 -- 3 . 0 1 4 . 6 7 6 . 3 | 1013 | 625 1 , 6 3 8

1 9 8 2 - 1 , 7 0 4 1 . 5 0 5 ( 8 8 . 3 % ) | 1 1 . 4 — -- 6 0 . 8 2 6 . 6 | 633 | 871 1 , 5 0 5

1 9 8 3 - 1 , 7 0 9 1 , 4 6 1 ( 8 5 . 5 % ) | 7 . 0 -- 2 . 1 8 1 . 9 8 . 7  | 503 | 1 , 0 5 9 1 , 4 6 1

1 9 8 4 - 1 , 1 1 6 | 785 ( 7 0 . 3 % ) | 2 8 . 7 - - - - 4 8 . 7 2 2 . 0 | 278 | 496 785

1 9 8 5 - 1 , 3 6 2 11 , 0 8 9 ( 8 0 . 0 % ) | 1 9 . 3 - - - - 3 9 . 8 3 9 . 9 | 510 | 556 1 ,  089

1 9 8 6 - 1 , 8 6 7 | 1 , 4 3 0 ( 7 6 . 6 % ) | 1 7 . 2 - - - - 8 0 . 8 N /A | 396 | 1 , 0 3 2 1 , 4 3 0

1 9 8 7 - 1 , 7 1 6 | 1 , 3 0 3 ( 7 5 . 9 % ) | 4 5 . 3 - - 3 . 1 5 0 . 7 N /A | 617 | 685 1 , 3 0 3

1 9 8 8 - 1 , 5 8 6 11 , 3 4 4 ( 8 4 . 7 % ) | 2 2 . 1 2.2 7 3 . 4 N /A | 4 9 5 | 833 1 , 3 4 4

1 9 8 9 - 736 | 622 ( 8 4 . 5 % ) | 4 0 . 4 1.2 5 . 1 5 3 . 3 N /A | 168 1 10 | 444 622

1 9 9 0 - 618 1 680 ( 8 3 . 1 % ) 1 1 9 . 0 1 8 . 3 2 . 3 6 0 . 5 N /A | 111 1 13 I 557 680

1 9 9 1 - 1 , 0 2 4 I 671 ( 6 5 . 5 % ) 1 3 4 . 1 1 . 0  6 . 1 5 8 . 8 N/A| 255 1 8 I 408 671

1 9 9 2 - 1 , 4 0 5 1 1 ,1 3 0 ( 8 0 . 4 % ) 1 3 2 . 8 3 . 2  9 . 4 5 4 . 4 N/AI 4 1 9 l i s 1 695 1 , 1 3 0

1 9 9 3 - 1 , 5 3 4 1 1 ,2 6 8 ( 8 2 . 7 % ) | 1 8 . 2 2 . 9  ] .4 7 7 . 4 N /A | 601 1 19 I 648 1 , 2 6 8

1 9 9 4 - 1 , 1 2 5 1 624 ( 7 3 . 2 % ) | 2 6 . 2 2 . 3  ! . 9 6 5 . 6 N /A | 3 4 9 1 29 I 4 4 6 824

1 9 9 5 - 1 , 5 9 5 1 1 ,0 6 3 ( 6 6 . 6 % ) 1 1 9 . 0 2 . 2  1 .3 7 6 . 5 N /A | 239 1 34 I 7 8 9 1 , 0 6 3

-  U . S .  N a t i o n a l  M a r i n e  F i s h e r i e s  S e r v i c e ,  MRFSS r e p o r t s  ( 1 9 8 0  t h r o u g h  1 9 9 0 )
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Table 3.5. Historical Landings and Value of Commercial Black Drum fishery Louisiana, 1970-1995.

Pounds Value Deflated Price Deflated
Louisiana 
share of

Year (xlOOO) (dollars) value * ($/lb) price* Gulf landing

1970 434 32,644

(dollars)
84,134 0.08

(S/lb)
0.19

(percent)
32.3

1971 506 35,775 88,333 0.07 0.17 28.6
1972 540 38,467 92,026 0.07 0.17 28.9
1973 541 44,887 101,097 0.08 0.19 28.1
1974 440 41,630 84,442 0.09 0.19 22.9
1975 276 29,048 53,993 0.11 0.20 18.1
1976 579 68,711 120,757 0.12 0.21 20.9
1977 583 81,798 134,980 0.14 0.23 27.4
1978 580 116,354 178,457 0.20 0.31 20.6
1979 536 98,661 135,897 0.18 0.25 12.6
1980 472 92,910 112,755 0.20 0.24 8.0
1981 2,889 612,204 673,492 0.21 0.23 44.4
1982 1,691 572,882 593,660 0.34 0.35 39.7
1983 1,859 703,453 706,278 0.38 0.38 35.3
1984 1,976 1,042,759 1,003,618 0.53 0.51 33.3
1985 3,421 1,018,687 946,735 0.30 0.28 48.8
1986 5,226 1,836,930 1, 676,031 0.35 0.32 68.6
1987 8,021 2,640,319 2,350,633 0.33 0.29 75.4
1988 8,757 2,347,834 1,987,644 0.27 0.23 83.7
1989 4,406 1,831,962 1,477,389 0.42 0.34 80.3
1990 2,876 1,115,212 853,261 0.39 0.30 75.1
1991 1,914 1,170,134 859,129 0.61 0.45 90.1
1992 3,014 1,428,767 1,018,366 0.47 0.34 76.1
1993 3,178 1,985,349 1,355,259 0.62 0.43 76.7
1994 3,739 2,531,907 1,708,439 0.68 0.46 65.3
1995 2, 999 2,332,328 1,540,507 0.79 0.52 49.8

* Adjusted by the consumer price index with 1982-84 = 100 as the base year. 
Sources: Leard et al. 1993, NMFS Commercial Landings Database, and DOC 1994.
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Table 3.6. Exvessel prices of black drum by size groups.

Year
2-5 lbs. 
small

6-10 lbs. 
medium

10+ lbs. 
bull*

1988 $0.70-1.40 $0.30-0.70 $0.08-0.18

1989 $0.60-1.15 $0.44-0.65 $0.08-0.17

1990 $0.80-1.80 $0.60-1.00 $0.08-0.27

1991 $1.00-1.90 .$0.55-1.20 $0.08-0.33
1992 $0.50-1.20 $0.33-0.75 $0.07-0.33
1993 $0.30-1.60 $0.13-0.75 $0.08-0.33

1994 $0.40-1.70 $0.20-0.65 $0.10-0.33

1995 $0.40-1.60 $0.20-1.25 $0.10-0.27

1996 $0.30-1.60 $0.30-1.00 $0.13-0.33

*based on 15 pound fish for bull drum.
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2.2 mm TL

5.5 mm TL

6.0 mm

Fig. 'X . Pogonias cromist Black drum. A. Yolk-sac larva, 2.2 mm TL. 
B. Larva, 5.5 mm TL. C. Larva, 8.0 mm. D. Larva, 8.0 mm TL.
E. Juvenile, 18.0 mm. F. Juvenile, 35.0 mm. (A, B, D, Joseph, E. 8., 
ec al., 1964: figs. 2-3. C, E, F, Pearson, J. C., 1929: figs. 15-17.)



Fig. %  . Pogonias cromis. Black drum. A. Juvenile, ca. 100 mm SL 
B. Juvenile, 231 mm XL. C. Adult, ca. 540 mm SL. D.-G. Egss in 
various stages of development. (A, Fowler, H. W., 1945: fig. 282.
B-C, Goode, G. B., 1884: pi. 121-122. D-G, Joseph, E. B., et al., 
1964: fig. 1.)
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Commercial Harvest of Black Drum
in Louisiana and the U S. Gulf of Mexico

1171 (Tl rn rnmmirirn 171(71171 (71171 (71 rn 171171171171171

YEAR

n  Louisiana — Gulfwide j

Figure 8. Black drum commercial landings from the Gulf o f Mexico and Louisiana waters 
(NMFS landings statistics).



Black Drum Landings (POUNDS) 
juvenile vs adult

80%

60%

40%

20%

0%
90/91 91/92 92/93 93/94 94/95 95/96

□  >27 inch U < 2 7 i n c h

by seasons (sept thru aug)

1 0 0 %

Figure 9. Percent harvest o f adult ("bull", >27") and juvenile ( <27") black drum in fishing 
seasons 1990-91 through 1995-96. Data from commercial landings reports (NMFS and LDWF 
data files).



Black Drum Landings 
East vs West

Figure 10. Location of commercial harvest of black drum across Louisiana, East or West o f 
Mississippi River. Unknown category could not be classified as to location. Data 
from NMFS and LDWF commercial landings data files.



Figure 11. Recreational Landings of Black Drum in Louisiana. MRFSS, NMFS data files

Year Harvest Released Total Catch Total W st Avg. W et. % Released
79 99,909 298,743 1,598,652 2,396,002 1.84 18.7%
80 725,760 250,994 976,754 1,817,753 2.50 25.7%
81 192,248 71,845 264,093 559,457 2.91 27.2%
82 858,953 501,996 1,360,949 1,832,226 2.13 36.9%
83 916,554 367,647 1,284,201 2,676,410 2.92 28.6%
84 219296 183642 402938 892317 4.07 45.6%
85 265,600 185,459 451,059 594,275 2.24 41.1%
86 802,722 333,767 1,136,489 2,367,029 2.95 29.4%
87 417,121 219,737 636,858 2,726,116 6.54 34.5%
88 449 683 347 113 796.796 1.359.815 3.02 43.6%

END PRE-REGULATION PERIOD
PRF.-RF.n A VO 614 785 776 094 890.879 1.722.140 7.80 31.0%

89 195,888 136,106 331,994 897,782 4.58 41.0%
90 131,011 280,341 411,352 421,108 3.21 68.2%
91 110,603 284,114 394,717 537,419 4.86 72.0%
92 208,533 406,961 615,494 824,182 3.95 66.1%
93 236,800 744,844 981,644 709,203 2.99 75.9%
94 141,806 398,462 540,268 649,263 4.58 73.8%
95 231.350 581.183 812.533 781.129 3.38 71.5%

POST-REG AVG 179 427 404.573 584.000 688.584 3.84 69 3%

L o u i s i a n a  R e c r e a t i o n a l  D r u m  L a n d i n g s
Numbers and Pounds of fish
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Saltwater recreational fishing license sales vs. estimated numbers of saltwater anglers. . ,•'/

SEASON NUMBER SOLD
RESIDENT NONRESIDENT

s .
RESIDENT* 
S.W.ANGLERS

1984-1985 102,125 436,441
1985-1986 169,149 608,734
1986-1987 198,852 653,557
1987-1988 195,099 20,627 607,864
1988-1989 204,686 14,107 501,230
1989-1990 208,292 19,396 393,311
1990-1991 206,088 27,900 412,710
1991-1992 229,805 33,587 470,559
1992-1993 245,952 39,591 418,226
1993-1994 265,759 33,896 442,205
1994-1995 280,360 35,397 391,276
1995-1996 296,959 40,859 463,613

*source: MRFSS,NMFS

Total and Saltwater Recreational Fishing Licenses

1984-85 1986-87 1988-89 1990-91 
F ish in g  Y e a r

1992-93 1994-95

■  #  T o ta l l ic e n s e s  *  T o ta l S W  L ic e n s e s  A  S W  R e s id e n t  Lie 5  S W  N o n - R e s id e n t  Lie

Figure 12. Total fishing licenses, resident, and non-resident saltwater fishing licenses (LDWF 
Sports License Section) and estimated numbers o f saltwater anglers from the NMFS MRFSS 
telephone survey. MRFSS estimates include non-licensed anglers ( <  16 or > 5 9  years of 
age). "Total" licenses includes freshwater fishing categories, Saltwater licenses are required in 
addition to the basic freshwater license..
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SUMMARY OF CHANGES FROM 1996 ASSESSMENT

This summary provides a quick reference o f substitutive changes in methods or 
corrections in this years assessment from the 1996 assessment conducted for black drum.

Section 5.6 Status of the Stock
• The calculation of fishery-independent mean catch-per-effort for trammel net and seine 

samples was changed from using an arithmetic mean of positive samples to using a log 
transformed mean of all samples. The function is described as follows:

Mean CPUE = ( exp ( £ ln  ( catch +1 ) /  N  )) -1

where, catch is the total number caught in each set and, N is the number of samples taken 
annually. This method accounts for all samples taken and reduces the impact o f 
occasional large catches on the estimate of CPUE.
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5.0 STOCK ASSESSMENT

This assessment uses yield-per-recmit (YPR) and Spawning Potential Ratio (SPR) to 
estimate the impact o f fishing pressure on potential yield and the spawning potential o f the black 
drum stock in Louisiana waters. Estimates derived from YPR and SPR are based on information 
regarding the growth rate and spawning potential of the fish, and on estimates o f the natural 
mortality rate (M) and fishing mortality rate (F) on the stock. The results from this assessment 
provide a generalized approach towards estimating the impact o f fishing on the spawning 
potential and potential yield of the fish stock. The spawning biomass o f females is assumed to 
be the factor limiting the spawning potential of the stock; therefore, where possible, only data on 
female black drum are used. Yield- per-recruit and SPR analysis, as with many other generalized 
assessments, should be used only as a guide until a more comprehensive assessment can be 
conducted.

In developing a stock assessment, the unit stock must be defined. While a unit stock is 
often represented by that portion of the population which is genetically similar, for our purpose, 
the most applicable definition seems to be one which considers the unit stock as that portion of 
the population which is either dependent on Louisiana waters, or which is available to Louisiana 
fishermen.

5.1 Growth

Draft - Black Drum
January 16, 1997

Luquet (1996) presents several growth equations for black drum. The one chosen for 
this assessment was developed by Geaghan and Garson (unpublished), and is a sloped asymptote 
model fitted to a von Bertalanfty growth equation. The data used by Geaghan and Garson 
(unpublished) was from Beckman et al. (1988) who used otolith sections in aging fish caught in 
Louisiana waters. The sloped asymptote model proved to fit the data better than did other 
equations. The equation is as follows:

Lt = ( 610 + 9.959 * t ) * (1 -e ^ W - 1229))

where, L -  length at age t, and t = age in years.
The length-weight regression described by Beckman et al. (1988) from fish harvested in 

Louisiana was used in this assessment. The equation is as follows:

log(W) = 3.05 * log(FL) - 4.943 

where, W -  weight in grams, and FL -  fork length in millimeters.



5.2 Natural Mortality
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Natural mortality is one part o f total mortality (Z) and is the mortality due to all causes 
other than fishing. These include predation, disease, spawning stress, starvation, and old age. 
Typically, natural mortality is estimated, as it is difficult to directly measure, especially on 
exploited fish stocks where natural mortality and fishing mortality occur simultaneously.

This assessment follows the former Louisiana Department o f Wildlife and Fisheries 
(1990) assessment in using a range o f values for natural mortality (0.1, 0.15, 0.2) to evaluate the 
sensitivity of M  on the resulting spawning stock.

5.3 Fishing Mortality

Fishing mortality estimates derived in the former Louisiana Department of Wildlife and 
Fisheries (1990) assessment were used in this assessment to evaluate the impact o f current 
fishing regulations on the spawning potential of the stock. The former assessment did not 
address the concept o f spawning potential as a management measure. Only recently has this 
concept become widely used.

The former assessment used the growth equation described in Section 5.1 to develop 
annual catch-at-age tables. Fish with lengths greater than the asymptotic length were not used in 
developing catch-at-age and therefore not used in the assessment. The elimination o f these fish 
reduces the number of large fish that are typically older fish used in developing catch-at-age and 
produces a more conservative estimate.

5.4 Yield-per-Recruit

Yield-per-recruit and SPR analysis provides basic information about the dynamics of a 
fish stock by estimating the impact of mortality on yield and the spawning potential o f the stock. 
The results can be examined as to the sensitivity of natural and fishing mortality rates on yield 
and spawning potential.

The growth parameters described in Section 5.1, the age-specific fishing mortality rates 
described in Section 5.3, and the natural mortality rates described in Section 5.2 were 
incorporated into the yield-per-recruit and spawning potential analysis. Fecundity estimates 
derived by Wilson et al. (1992) were used to estimate spawning potential. The equation is as 
follows:

ln(BF) = 0.76 * ln(Age) + 12.24

where, BF=batch fecundity. The results are presented in Table 5.1, which contains estimates of 
Fmax (fishing mortality rate that produces maximum yield), F0.i (fishing mortality rate 
representing 10% of the slope at the origin o f a yield-per-recruit curve), F 2o%spr (fishing mortality
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that produces 20% SPR), F3o%spr (fishing mortality that produces 30% SPR), and estimates o f F 
from Section 5.3.

5.5 Conservation Standards

Conservation standards are intended to protect the viability of a fish stock for future 
generations. These standards have historically been based on a number of biological measures of 
the dynamics of fish stocks, depending on the availability and adequacy o f data. Conservation 
standards should be separated into two types: a conservation threshold which is entirely 
biologically based and, a conservation target which considers biological measures modified by 
relevant social, economic, and ecological factors. A conservation threshold is a biological 
baseline for the harvest o f a fish stock and should not be exceeded. It is the highest level of 
fishing mortality that will ensure that recruitment overfishing will not occur. Beyond the 
conservation threshold, a conservation target may be set, providing for other management goals 
in the fishery. Such goals may include maximizing yield in weight or numbers o f fish, economic 
benefits or profit, employment, or some other measurable goal. These targets should be set at a 
fishing mortality rate below that o f the conservation threshold in order to ensure that the 
biological integrity of the stock is not damaged by fishing.

The spawning potential ratio (SPR) concept described by Goodyear (1989), is a species 
specific value expressed as the ratio o f the spawning stock biomass (or egg production) per 
recruit (SSB/R) in a fished condition to the SSB/R in an unfished condition. The concept is 
based on the premise that below some level of SPR, recruitment will be reduced. Goodyear
(1989), recommends that in the absence of sufficient data to provide a value specific to the stock 
in question an SPR of 20% be used as a threshold. Work on North Atlantic ground fisheries also 
resulted in the calculation o f a threshold SPR of 20% (Gabriel et al. 1984, Gabriel 1985). An 
SPR of 20% has been recommended for Spanish and king mackerel in the Gulf o f Mexico 
(National Oceanic and Atmospheric Administration/National Marine Fisheries Service 1995), 
while an SPR of 8-13% has been demonstrated to be sufficient for gulf menhaden (Vaughan 
1987). In earlier analyses of Louisiana spotted seatrout fisheries (Louisiana Department of 
Wildlife and Fisheries 1991), an SPR threshold of 15% was recommended based on several years 
of data. Mace and Sissenwine (1993) examined 90 stocks of 27 species, and reported that the 
average replacement SPR for all these stocks was 18.7%, while the most resilient quarter o f the 
stocks required a maximum o f only 8.6%. These authors recommended that an SPR o f 30% be 
maintained when there is no other basis for estimating the replacement level, as this level was 
sufficient in maintaining recruitment for 80% of the stocks examined. However, they noted that 
30% may be overly conservative for an "average" stock, and reiterated the need for stock-specific 
evaluations o f standards to enhance both safety and benefits in the fishery.

Sufficient information is not available to directly estimate a conservation threshold for 
black drum in Louisiana. However, the conservation target of 30% SPR established by the 1995 
Regular Session of the Louisiana Legislature for black drum, southern flounder, sheepshead, and
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striped mullet appears to be adequate to maintain the black drum stock and prevent recruitment 
overfishing.

The use o f any measure o f the health o f a fish stock as a perfect index is arguable. It is 
logical to conclude that growth overfishing should occur at a much lower fishing rate than that 
which would threaten recruitment. However, Mace and Sissenwine (1993) provide information 
to suggest that some stocks may have reduced recruitment at levels o f fishing that would not 
reduce yield-per- recruit. The preferable position for making recommendations on appropriate 
levels o f fishing for a stock is to base those recommendations on actual measures o f spawning 
stock size and recruitment for both the species and fishery in question. This requires a base of 
information resulting from monitoring o f both the stock and the fishery over a variety of 
conditions. Without this information, conservation standards may either underestimate or 
overestimate the potential o f a fishery. I f  the potential is underestimated, society loses the 
economic and social benefits of the harvest. If  the potential is overestimated and the fishery is 
allowed to operate beyond sustainable levels, society loses the benefits o f a sustainable fishery, 
and recovery will require some period of rebuilding, when effort must be reduced from the 
non-sustainable levels (Hilbom and Walters, 1993). Some researchers have speculated that 
overharvest o f some stocks may lead to their replacement in the ecosystem by other, often less 
preferred, stocks. The frequency of such replacements is unknown, and the cause of shifts in 
species predominance in an ecosystem is difficult to ascertain, even after the fact. Such a shift 
has been reported in the Georges Bank area, where prolonged, intense harvest o f cod and 
haddock has been implicated in gradual increases in skate and spiny dogfish populations 
(National Oceanic and Atmospheric Administration 1993).

5.6 Status of the Stock

Black drum were lightly exploited until the early 1980s when commercial harvest began 
to increase dramatically (Figure 5.1). Commercial landings went from 0.4 million pounds in 
1980 to 8.7 million pounds in 1988. Regulations implemented in 1989 reduced the commercial 
harvest to between .2 and 4 million pounds annually. Harvest from the recreational fishery 
fluctuated, between 0.5 and 2.7 million pounds, for the years prior to regulation (1981-1988), and 
0.4 to 0.8 million pounds post-regulations (Figure 5.2). Mean catch-per-trip from the 
recreational fishery was calculated by selecting those trips that had black drum in their catch. 
The results are presented in Figure 5.3 along with 95% confidence limits around the mean. The 
catch-per-unit-effort (CPUE) indices cycled throughout the period examined (1981-1995), with 
no indication of a long-term downward trend. The years 1985 and 1991 showed the lowest 
CPUE and only significantly lower then 1982, 1986, and 1993. Catch-per-effort data from the 
Departments, fishery-independent trammel net (750' - 1 5/8" inner, 6" outer wall) and small mesh 
bag seine (50' -1/4” delta mesh) samples were calculated as follows:

Mean CPUE = ( exp ( £ ln  ( catch + 1 ) / N )) -1
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where, catch is the total number caught in each set and, N  is the number o f samples taken 
annually. Trammel net and seine data were used for the period 1986-1996. The CPUE fluctuates 
throughout the time period in both the seine and trammel net samples with no indication o f a 
long-term downward trend (Figure 5.4 and 5.5). The year 1988 was the only year where CPUE 
in seines showed any significant difference at the 95% confidence level and, only lower than 
1986, 1992 and 1996. Trammel net CPUE was highly variable throughout the period as 
indicated by the wide confidence limits associated with the years examined. The years 1986, 
1988 and 1989 had the lowest CPUE, and only significantly lower than 1996.

Rules for the harvest o f black drum changed recently. Commercial harvest methods were 
changed on August 15, 1995 when Act 1316 of the 1995 Regular Legislative Session, the Marine 
Resources Conservation Act o f 1995, became effective. This act outlawed the use of "set" gill 
nets or trammel nets in saltwater areas of Louisiana, and restricted black drum harvest by the use 
o f "strike" nets to the period between the third Monday in October and March 1 of the following 
year. A "Restricted Species Permit" was required in order to harvest black drum , and several 
criteria were established in order to qualify for that permit. This set o f regulations had the effect 
o f reducing the harvest of black drum by this segment of the commercial fishing industry.

It should be noted that the following results of YPR and SPR analysis do not reflect the 
impact o f current regulations described above. With this type o f general assessment, it will take 
several years before the impact of regulations will be observed in the disappearance rates from 
the fishery. The results do represent the impact of the fishery on the black drum stock given the 
fishing pressure existing in 1994 and 1995.

The results o f YPR analysis indicate that if M=0.1 (the most conservative value within 
the range o f estimates), the fishery prior to existing regulations (Act 1316) was operating above 
F0.i and below Fmax with yield o f 92% of maximum, and SPR at 42%. An M of 0.15 or 0.2 
would indicate a more lightly fished stock with yield being 67% to 45% of maximum and with 
SPR being 56% to 67% respectively (Table 5.1).

Based on this generalized assessment, if M is 0.1, and fishing mortality rates continue at 
1990-1995 levels, then black drum are not being harvested at a rate that would drive the stock 
below the target SPR of 30% established by the Louisiana Legislature. Also, if  M is higher then 
0.1, or regulations implemented since 1995 have effectively reduced fishing mortality rates from 
1990-1995 levels, then harvest rates would provide SPRs greater then 30%.

5.7 Research and Data Needs

Estimates of natural mortality used in the present assessment show wide variation. This 
variation reduces the reliability of the present assessment in providing an accurate prediction of 
the potential yield of the stock, and also reduces the confidence level o f the present estimate of 
SPR. A more precise estimate o f natural mortality would assist in both o f these problems.
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Annual age-length keys should continue to be developed to provide catch-at-age data 
necessary to conduct age-based population assessments. The department is in the process of 
collecting otoliths for development o f annual age-length keys.

The relationship between wetlands losses or modifications and the continuation o f fishery 
production within the state has been discussed by many authors. However, this relationship is 
likely to be different for the various fishery species. Understanding this relationship for black 
drum should be an ongoing priority.

In the presence o f changing regulations, fishery-dependent information is not a reliable 
source o f data for assessing the status of a fish stock. However, such data are necessary to 
measure the effects o f fishing on that stock. Consistent fishery-dependent and 
fishery-independent data sources, in a comprehensive monitoring plan, are essential to 
understanding the status o f fishery stocks, and to identifying causes o f changes in stock 
abundance. Present programs should be assessed for adequacy with respect to their ability to 
evaluate stock status, and modified or enhanced to optimize their capabilities.
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Table 5.1 - Results of Yield Per Recruit and SPR Analysis for Black Drum

M=0.1

*

Fmax = 
F0.1 = 

F20% = 
F30% = 

Regulations =

F Ratio YPR SPR %SPR %YPR
1.000 3.0259 1,889,656 21.80% 100.00%

Benchmarks0.260 2.4809 4,668,498 53.87% 81.99%
1.084 3.0223 1,733321 20.00% 99.88%
0.705 2.9862 2 3 9 9 3 8 2 30.00% 98.69%
0.426 2.7925 3.655.175 42.18% 92.29% Estimate

M=0.15

*

Fmax = 
F0.1 = 

F20% = 
F30% = 

Regulations =

F Ratio YPR SPR %SPR %YPR
2.100 2.1766 426,128 10.85% 100.00%

Benchmarks0.605 1.7506 1,704392 43.40% 80.43%
1.405 2.1260 785399 20.00% 97.67%
0.971 1.9981 1.178.098 30.00% 91.80%
0.376 1.4562 2.201.492 56.06% 66.90% Estimate

M=0.2

*

Fmax = 
F0.1 = 

F20% = 
F30% = 

Regulations =

F Ratio YPR SPR %SPR %YPR
3.000 1.8019 134357 6.51% 100.00%

Benchmarks1.153 1.5197 62 5 3 3 7 30.32% 84.34%
1.633 1.6709 412,499 20.00% 92.73%
1.165 1.5248 618.749 30.00% 84.62%
0.326 0.8173 1.375310 66.71% 45.36% Estimate

* Regulations prior to 1995 and Act 1316
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Figure 5.3 - Catch per Effort of Black Drum in Louisiana
NMFS Marine Recreational Fishery Statistics Survey

Year



Figure 5.4 - Catch per Effort of Black Drum in Seines
Marine Fisheries Division, Monitoring Program
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Figure 5.5 - Catch per Effort of Black Drum in Trammel Nets
Marine Fisheries Division, Monitoring Program
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1.0 INTRODUCTION

This document presents the most recent available information regarding the biology of the 
striped mullet Mugil cephalus, a description of the Louisiana fishery, assessment of the current 
status o f the stock in the State, management goals and specific management recommendations. 
The mullet fishery in Louisiana is still in a developmental stage commercially, and updates may 
be necessary to adequately document changes in fishing methodology, markets, or other factors.

Striped mullet were not targeted commercially in Louisiana until the mid 1970's. An 
abundance of more desirable species o f fish in Louisiana waters has served to limit the expansion 
of the striped mullet food fishery. Recent creel surveys and historical information indicate that 
striped mullet are seldom used by the recreational fishery except as a bait species.

The average annual landings of mullet from 1978-1994 was 3,494,296 pounds (1,572,433 
kg). This was a significant increase over landings prior to 1978 and was, in part, a response to 
an increased demand for mullet roe.

As commercial landings grew, concern was expressed by recreational fishers that the 
removal of large quantities of mullet would affect the populations o f some recreationally targeted 
species. In its present state, the commercial mullet fishery is probably not affecting food supplies 
for the predatory fishes.

1.1 Status of the Fishery

There currently is little recreational fishery effort directed toward mullet in Louisiana. 
The commercial fishery has expanded in recent years and is currently capable of harvesting all 
mature year classes; however, due to the current market, roe mullet are mainly being targeted. 
The commercial mullet fishery has been impacted by House Bill 1316 passed during the 1995 
Louisiana Legislative Session. The following is but a part of the legislation influencing mullet. 
The fishery is now open on the third Monday of October each year and closes on the third 
Monday in January that is the roe season for this species. No night fishing is allowed and no 
fishing from 5:00 a.m. Saturday through 6:00 p.m. Sunday. Mullet may not be taken outside this 
period.

A review o f National Marine Fisheries Service (NMFS) records, indicate landings of 
striped mullet as early as 1930. Although there were significant landings in certain years from 
1930 through 1976, yearly landings during this period were generally low (Figures 3.2 and 3.3). 
Following the development o f the roe market in the mid 1970's, landings increased dramatically 
between 1977 and 1989 (Fig. 3.4).

The striped mullet fishery has seen tremendous growth within the last 3-5 years. 
Monitoring of harvest, recruitment, and relative stock size through the Marine Finfish Monitoring 
Program is intended to ensure that current and future harvest levels are sustainable.
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1.2 Problems of the Fishery

The commercial striped mullet fishery has been undergoing a fairly rapid expansion since 
1976. This expansion has been largely due to the increased demand for mullet roe. Since roe 
mullet are the primary target o f commercial fishers, harvesting has been directed toward larger 
fish.

The fact that commercial fishers target roe mullet intensifies competition during spawning 
months. The spawning season in the northern Gulf of Mexico extends from October through 
March. During this period large schools o f mullet are found throughout coastal Louisiana, both 
inshore and nearshore. Spawning habits o f the striped mullet concentrates the fish, thus making 
the fishery highly visible during the peak months.
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2.0 STRIPED MULLET BIOLOGY

The striped mullet belongs to the family Mugilidae. According to Randall (1968), mullet 
are thick-bodied, blunt-snouted fishes with two short-based dorsal fins. Mullet have a mouth 
shaped like an inverted V when viewed from the front. The teeth are minute. Most members of 
the family have a thick-walled gizzard-like stomach and a very long intestine.

2.1 Nomenclature and Taxonomy

Accepted classification of the mullet is that of Greenwood et al. (1966). Taxa higher than 
Class are not included here.

Class: Osteichthyes 
Superorder: Acanthopterygii 

Order: Perciformes 
Suborder: Mugiloidei 
Family: Mugilidae 

Genus: Mugil 
Species: Mugil cephalus

The valid name for the striped mullet is Mugil cephalus (Linnaeus 1758). The following 
synonymy is adapted from Jordan and Evermann (1896).

Mugil cephalus Linnaeus, 1758 
Mugil alba Linnaeus, 1766 
Mugil tang Bloch, 1794 
Mugil plumieri Bloch, 1794
Mugil lineatus Mitchill, MS; Cuvier and Valenciennes, 1836
Mugil rammelsbergii Tschudi, 1845
Mugil berlandieri Girard, 1859
Mugil guntheri Gill, 1863
Mugil mexicanus Steindachner, 1875
Mugil albula Jordan and Gilbert, 1883
Mugil cephalus Jordan and Swain, 1884
Querimana gyrans Jordan and Gilbert, 1884

The striped mullet is the most abundant o f the three members of the family Mugilidae 
found in waters of the northwestern Gulf of Mexico (Hoese and Moore 1977). The relationships 
within the family have been outlined by Ebeling (1957, 1961).

Striped mullet is the preferred common name recognized for Mugil cephalus by the 
American Fisheries Society (Robins et al. 1980). Other common names include common mullet, 
grey mullet, black mullet, jumping mullet, whirligig mullet, molly, callifavor, menille, mulle'
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(La. French, phonetic spelling), cefalo, macho, machuto, liza, lisa, and lisa cabezuda (Spanish 
of various regions) (Jordan and Evermann 1896, Gowanloch 1933, De Sylva et aL 1956, Hoese 
and Moore 1977, Collins 1985).

2.2 Distribution

Mugil cephalus is found in coastal waters, roughly between 42 degrees North and 42 
degrees South. It is present in the western Atlantic from Brazil to Nova Scotia (Hoese and Moore 
1977) but absent from the Bahamas and most of the West Indies and Caribbean (Robins et aL, 
1986).

2.2.1 Im iisiana Distribution

In Louisiana the striped mullet can be found in rivers, lakes, bays, bayous, and canals as 
well as along the coast in fresh, brackish and salt water. Generally, mature adults move offshore 
to spawn during the fall and winter months but later return.

Based on numerous otter trawl, gill, seine and trammel net samples taken across coastal 
Louisiana by the Dept, of Wildlife and Fisheries, the striped mullet was by far the most abundant 
mullet species caught. White mullet {Mugil curema) catch was very small (Judd Pollard, DWF, 
pers. com m .), and mountain mullet (Agonostomus monticola) has only rarely been taken in 
Louisiana waters (Suttkus 1956).

2.3 Stock Identification

Rivas (1980) reported that, based on tagging studies, striped mullet from the Gulf of 
Mexico are separated from those o f the eastern coast of Florida and farther north. These findings 
were later confirmed by racial studies based on meristic and proportional characters. No data 
were found to show whether a break exists between the Gulf and the Caribbean Sea around the 
outer tip of the Yucatan Peninsula. There is basically one stock of striped mullet in the Gulf of 
M exico with small variation at a few alleles (Lazuski et al. 1989). Campton and Mahmoudi
(1991) stated that no protein electrophoretic evidence for genetic substructuring o f striped mullet 
populations was found in allozyme polymorphisms between the east and west coasts o f Florida 
based on spatial patterns o f variation. In general, allele frequency variations among samples 
within locales were as great or greater than the variation among locales. Thompson et al. (1991) 
also found no differences in enzyme polymorphisms in striped mullet collected from various 
locations across Louisiana, or between those areas and mullet from Pascagoula River, Mississippi, 
Mobile Bay, Alabama, and Charleston Bay, South Carolina. They did note differences between 
S .E . U .S. mullet and specimens from Oahu and Hilo, Hawaii. Crosetti et al. (1994) did 
demonstrate significant differences between populations in worldwide sampling of mitochondrial 
DNA genotypes. Crosetti et al. (1994) only examined striped mullet from North Carolina out
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o f the Western Atlantic, so this data is o f limited use in attempting to define sub-populations at 
a local level except through analogy. They found that different areas within major ocean basins 
were relatively similar, and that the major differences that they found were between populations 
in different basins.

Schooling behavior o f mullet presents some interesting questions regarding the genetic 
relation among individuals within schools. A significant result at one locus (P <  0.001) regarding 
homogeneity of allele frequencies suggests some form of non-random demographic structuring 
may be associated with schools of mullet (Mahmoudi 1989).

2.4 Morphology

The following description is summarized from Martin and Drewry (1978), who compiled 
data from a wide variety of sources, De Sylva et al. (1956), and from Fahay (1983).

D. IV-I,7-8; A. Ill,8; C. 7 + 7 , procurrent rays 7-8+7-S; V. 1,5; lateral line scales 
37-43, vertebrae 11+13 or 12+12, first interneural bifurcate above seventh vertebra; 
gill rakers 24-36+50-76, numbers increasing with size; primary teeth uniserial, 
simple, 57-101 in upper jaw, 97-149 in lower jaw; secondary teeth in bands, bicuspid, 
numerous, number increasing with size; no teeth on vomer or palatines.

Head 25.+27.7; maxillary 7.0; interorbital width 9.3-10.4; body depth 25.4-26; first 
predorsal 50.8-57.1; second predorsal 74.6; preanal 73.0-73.5; prepelvic 39.4-39.5; 
first dorsal base 12.8-13.3; second dorsal base 10.6; second dorsal height 14.3-14.4; 
anal fin height 15.0-15.5; pectoral length 17.3-17.6; pelvic length 15.2-15.3; all being 
percent standard length (SL) means for 2 samples of 25 specimens (De Sylva et al. 
1956)

Body robust, moderately elongate, compressed; lower profile strongly curved from 
snout to caudal peduncle, upper profile less curved, but arched slightly from snout to 
first dorsal fin origin; body oval in cross section; caudal peduncle rather strongly 
compressed. Head massive, somewhat broader than deep; interorbital flat, short, and 
broad, its width more than twice eye diameter; snout shorter than eye, blunt or 
rounded anteriorly with a strong taper in dorsal view; some scales on top o f head 
slightly enlarged; anterior and posterior nostrils widely separated. Mouth moderate, 
oblique, jaws weak; lower jaw  included; maxillary hidden when jaws closed, its 
posterior end moving forward when mouth opened; lower lip with a thin edge directed 
horizontally forward or nearly so. Gape somewhat broader than deep. Gill openings 
wide, gill membranes free of the isthmus; gill rakers numerous, long, slender, and 
close-set; pseudobranchiae large. A prominent adipose eyelid almost obscuring eye, 
covering preorbital anteriorly and extending almost twice as far posteriorly, leaving 
a narrow slit over pupil. Scales moderate, cylcoid or feebly ctenoid. Lateral line 
inconspicuous. Pectoral fins above midline, at level of eye, originating about length
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of head behind eye; tips pointed, not reaching first dorsal origin: a distinctly enlarged
K.:aie p c c a x i l ,  pcUi. xi.s subabdominal; origin ai" first dorsal li-n v\cr pUvic»; 
first dorsal spine longest, others graduated, last spine about half as long as first; 
origin of second dorsal fin slightly behind anal origin; upper margin concave, longest 
ray nearly same length as longest spine of first dorsal; anal fin about same size and 
shape as second dorsal but margin less concave; caudal deeply forked, longest rays 
nearly as long as head, shortest about half as long. Fine scales extending onto caudal 
fin and some on anterior rays o f second dorsal and anal.

Pigmentation: Color varies with habitat and salinity, in fresh water very dark dorsally 
with overlay of dirty brown or bluish color, dull white ventrally; in m arine waters 
dorsum olive green, sides silvery, venter off-white. In general, dorsum grayish olive, 
grayish blue, grayish brown, bluish brown or dark blue; shading to silvery white on 
sides and white or pale yellow ventrally; many brown spots on sides, organized into 
rows along scale centers on upper half, forming 5 to 10 dark longitudinal stripes on 
upper scale series down to about the tenth, lower band not extending beyond anal 
origin. Sometimes a terminal caudal bar in migrating adults. Fins dusky, minutely 
dotted with black, except pelvics, which are a pale yellowish color; pectoral black at 
base o f upper rays and distally, with a narrow pale margin, inner surface almost 
black; margin and last few rays of anal fin pale. A dark blue streak or spot in the axil 
o f pectoral. A golden ring around the iris.

2.4.1 T arvae and Juveniles

Development of the larval stage was described from hatching by Yashouv and 
Bemer-Smsonov (1970) from Mediterranean specimens. Anderson (1958) described development 
from 4.0 millimeters (mm) larvae through the prejuvenile stage from material taken off the 
southeastern coast of the United States. Grant and Spain (1975) provided data on developmental 
morphology from the prejuvenile stage to adult. Ditty and Shaw (1996) provided characters for 
separating Mugil cephalus from M. curema and Agonostomus monticola larvae.

According to Thomson (1963), larval mullet average 2.4 mm total length (TL) at hatching. 
They lack a branchial skeleton, pectoral as well as pelvic fins, and even a mouth. Clearly 
noticeable jaw s, organized internal organs, and developing fin buds can be seen in 5 day old 
specimens (approximately 2.8 mm in length). Meristic and morphological growth and 
development continue until the fish are approximately 16-20 mm SL. At this point they move to 
inshore waters and estuaries (Kilby 1949, Anderson 1958). The migrating Mugil cephalus have 
2 spines and 9 rays in the anal fin (the "Querimana stage") until they grow to 35-45 mm SL. At 
this size, the first ray fuses into a third spine, the adipose eyelid becomes visible and the fish is 
considered a juvenile (Anderson 1958).
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2.4.2 Adults

Distinctive characters stated by Fischer (1978) are as follows: "Body rather stout. Head 
broad, interorbital area flat; head length 27-29 percent o f standard length; fatty (adipose) tissue 
covering most of eye; lips thin, terminal; lower lip with a high symphysial knob; hind end of 
upper jaw just reaching vertical from anterior rim of eye; teeth labial, fine, 1 to 6 rows in upper 
lip, 1 to 4 in lower, outer row unicuspid, inner rows usually bicuspid; preorbital slender, filling 
only half the space between lip and eye. Origin of first dorsal fin nearer to tip of snout than to 
caudal fin base; second dorsal fin origin on a vertical from between a quarter and a half along anal 
fin base; pectoral axillary scale 33 to 36 percent of pectoral fin length; pectoral fin 66 to 74 
percent of head length; anal fin with 8 (very rarely 7) soft rays. Scales in lateral series 38 to 42; 
second dorsal and anal fins lightly scaled anteriorly and along base.

The color of the striped mullet is olive green on back, silvery on sides, shading to white 
below; 6 or 7 indistinct longitudinal brown bars on flanks; a dark purplish blotch at base of 
pectoral fin".

2.5 Reproduction

2.5.1 A ge. Length, and Weight at First Spawn

It has been suggested that portions of some populations o f Mugil cephalus can become 
mature by one (males) to two (females) years of age (Jhingran and Mishra 1962). Thompson et 
al. (1991) observed that male and female Louisiana striped mullet were generally mature at age 
two, although some females were not mature until age three. Collins (1985), using data from 
Broadhead (1953, 1958) and Rivas (1980), reported that mullet mature from 200-300 mm SL, 
with females maturing at a slightly larger size than males. Although some fish reach maturity in 
their second year, most mature in three. Broadhead (1953) showed a weight-length graph of 
spawning and non-spawning Florida mullet in 1951: the minimum length and weight for spawning 
females was 276 mm and about 305 grams; for males it was 286 mm and approximately 330 
grams.

Thompson et al. (1990) used the criteria that maturity is reached when 50% of the 
individuals in a population develop functional gonads and stated Louisiana striped mullet males 
mature around 200 to 220 mm fork length (FL) and females around 220 to 230 mm FL. All their 
specimens less than 160 mm FL were immature and indistinguishable sexually while all males 
over 280 mm FL and all females larger than 290 mm FL were mature.
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2.5 .2  Fecundity

Futch (1966) stated that adult females produced from 1.2 to 2.7 million eggs in a single 
spawning, whereas Broadhead (1953) reported estimated fecundity between 0.5 to 2.0 million 
eggs, depending on the size o f the female. Shehadeh e t al. (1973) calculated a fecundity value 
of 648 plus or minus 62 eggs/g. o f body weight.

Fecundity estimates for 67 Louisiana specimens ranged from 2.7 x 105 to 3.7 x 10* eggs 
per individual (Thompson e t a l. 1990). Thompson e t al. (1991) stated fecundity increased 
proportionately to body size. Fecundity of an individual correlated well with standard length (F =
5.6 x 10'3 (SL)314,r2=0.85) and fork length (F =  5.6 x 10"3 (SL)314, r2= 0.85). Relative fecundity 
(expressed as the number o f eggs per gram of eviscerated body weight) ranged from 798 to 2616 
eggs/gram from fish 290 to 568 mm FL.

Ovaries from female Louisiana striped mullet sampled from February through August 
possessed only resting primary growth oocytes (Thompson e t al. 1990). This agreed with 
Abraham e ta l. (1966) who also noticed a long resting non-reproductive period for striped mullet 
in Israel.

M ean girth of female Louisiana striped mullet increased 11% between September and 
Novem ber (Thompson e t al. 1989). This increase in mean girth was strongly associated with 
ovary maturation and development. Thompson e t al. (1990) stated gonadosomatic index values 
supported histological development data showing Louisiana's striped mullet reached maximum 
reproductive development during November and December.

2.5.3 Season and Duration o f Spawn

The spawning season in the northern Gulf o f Mexico generally extends from October 
through February or March (Anderson 1958, Hoese 1965, Ditty and Shaw 1996). Striped mullet 
in Louisiana were observed entering the spawning season in late September and October by 
Russell e t  al. (1986). They based their findings on the fact that red-yellow egg material in 
females and milky white spermatozoan material in males was discharged when pressure was 
applied near the urogenital opening. Maximum gonad maturation and development extended from 
late fall to mid winter, and was concentrated in Louisiana between early November and early 
January (Thompson e ta l .  1990, 1991; Render e ta l . ,  1995).

Thomson (1955) reported that some females in Australia spawn only in alternate years. 
Shireman (1975) found evidence for this in Louisiana freshwater areas and implied this could also 
be the case for other mullet in U.S. waters. Render e t al. (1995) described three conditions of 
anomalous ovarian development in Louisiana striped mullet, producing unusually low gonosomatic 
index (GSI) values. These anomalous conditions included (1) ovaries with arrested oocyte 
development at the cortical alveolar stage, (2) very small ovaries with low numbers o f normal 
oocytes undergoing development, and (3) diseased ovaries, with atresia of advanced oocytes and
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a proliferation of red blood cells and intercellular material. Presence of these types of conditions 
cuuid huve leu Ihomson (!V55; an-i ; 1 >?;• > .v their ccnciu^ions rugurUiiig spawning in
alternate years, since a portion of the population examined by those researchers would have 
appeared to not be developing ovaries for the incipient spawn. Shireman (1975) reported atretic 
oocytes in some ripe female mullet taken in freshwater areas in Louisiana, but did not mention 
the other characteristics described by Render e t al. (1995).

Oocyte development patterns reported by Thompson et al. (1991) and Render e t al. (1995) 
indicated that striped mullet are isochronal spawners that possess synchronous oocyte maturation.
These researchers reported that in September, a small number of oocytes progressed to the 

cortical alveolar and early vitellogenic stages, while most oocytes remained in die prim ary stage. 
During October, ovaries contained a synchronous group of developing vitellogenic oocytes, while 
earlier stage oocytes disappeared, either through maturation or atresia. Ovaries in the vitellogenic 
stage were found from early November through early January. No hydrated oocytes nor ovaries 
with post-ovulatory follicles were found in Louisiana coastal estuarine waters (Render e t al.
1995).

The duration of spawn seems to be short. Within a week after the spawning migration, 
fishermen observed spent male and female mullet in their catches. In addition, Leard (1995) 
mentioned an unpublished tagging study by the University of Miami that found two tagged mature 
mullet that were re-collected as spent fish within fourteen days o f being tagged at the same 
location where they were set free. These findings suggest that the spawning process is not long, 
that the fish may not swim far, and that they may return to the same place.

Thompson e t al. (1989) found that by February, primary stage oocytes in Louisiana striped 
mullet were dominant, indicating cessation o f reproductive activity and a return to resting stage 
ovaries. Cessation of reproductive activity was further evidenced by an increased proportion of 
atretic mature oocytes during February.

Thompson e t al. (1989) measured egg diameters of leading stage oocytes o f Louisiana 
striped mullet through the reproductive season and found mean egg diameter increased from 0.21 
mm in September to 0.56 mm in early November. They stated egg diameter from November to 
late December appeared to reach a plateau with diameters from 0.53 to 0.56 mm and then 
decreased towards February (0.19 mm). Terminal mean oocyte diameter was not known since 
oocytes in hydrated condition were not observed (Thompson e t al. 1989). Oocyte diameter before 
spawning was reported by Pien and Liao (1975) as 0.60 to 0.70 mm, increasing to 0.90 to 0.95 
mm during hydration.

2 .5 .4  Temperature. Photoperiod, and Habitat

There have been no reports of precise water temperatures associated with mullet spawning 
in the wild. However, Tung (1970) reported that the best temperatures from which to catch 
migrating spawners ranged from 21-25 degrees centigrade (°C). Kuo e t al. (1974) discovered that
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the temperature most favoring the completion of oogenesis in captive M u g il cephalus  was 21° C. 
Sylvester e t al. (1975) were able to spawn striped mullet by iiormcr.L induction between 22.S- 
23.5° C.

A study by Dindo e t al. (1978) reported that when the natural photoperiod is shortening 
(less than 12 hours) and the temperature falls to approximately 20° C in September and October, 
there is a concurrent initiation o f rapid gonadal growth and reproductive readiness.

The habitat in which mullet spawn has been researched by many investigators. Mullet 
have been reported to spawn inshore (Breder 1940), along beaches (Gunter 1945), 8 to 32 
kilom eters offshore (Broadhead 1953), and in water deeper than 40 meters (Anderson 1958). 
Arnold and Thompson (1958) documented mullet spawning 65 to 80 km offshore in the Gulf of 
M exico in water 1000-1800 meters deep. Major (1978) reported that mullet mostly spawn in 
relatively deep, cool coastal waters. Fischer (1978) stated mullet form large aggregations during 
spawning, which takes place in the ocean, near the surface, over deep water toward the edge of 
the continental shelf. Collins (1985) declared that mullet spawn over a wide range of coastal 
waters but that most spawn offshore. Robins e t a l ., (1986), stated that all individuals spawn 
offshore. The current consensus is that most mullet spawn offshore. Earlier reports of inshore 
spawning may have been due to the speed o f the offshore movement and spawn.

Thompson e t al. (1990) indicated that the absence of post-vitellogenic oocytes in their 
samples supported the contention that striped mullet spawn offshore (Arnold and Thompson 1958, 
Greeley e t  a l. 1987). Oocytes reach a terminal vitellogenic oocyte diameter and then arrest 
development until movement offshore occurs (Thompson e t al. 1990). Further evidence of 
offshore spawning is reflected in the fact that no post-ovulatory follicles were observed 
histologically from striped mullet collected in inshore estuarine waters (Thompson e t al. 1990). 
Post-ovulatory follicles can be seen historically for a relatively short time (Hunter and Goldberg 
1980, Hunter and Macewicz 1985) after spawning and can be used to give direct evidence of 
spawning (Thompson e t a l. 1989).

2 .5 .5  Courtship and Spawning Behavior

According to Shireman (1975), mature mullet frequently form large schools and swim 
offshore to spawn in the fall and winter. Sexually mature fish that live in freshwater either resorb 
their gonads or move to the sea to spawn. Peterson (1976) observed that swimming speed during 
migration is much greater than that predicted to be energetically optimal, possibly because of the 
augmented hydromechanical efficiency provided by schooling and the selective force of heavy 
predation during spawning migrations.

According to Futch (1966) eggs are discharged into the water and nearby males fertilize 
them. Arnold and Thompson (1958) reported apparent spawning of striped mullet at night in the 
Gulf of Mexico from visual observation while drifting in 755 fathoms (1381 meters) o f water as 
follows:
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"In a typical group, the males, noticeably smaller and more slender, 
maintained portions slightly behind what was ostensibly a i'er.iuie. r iv :  or six 
times while they remained in view, one or more o f the males would quickly move 
up beside or below the female, nudging and pressing against her abdomen with 
head and body. Often during this action the individuals thus engaged would quiver 
and cease swimming momentarily, sometimes rising to the surface. The 
unoccupied males swam rapidly back and forth in the immediate vicinity until they 
in turn behaved in a similar fashion."

Thompson e t al. (1991) examined the first record of an hermaphroditic striped mullet in 
spawning condition taken in U. S. waters (near shore off Mississippi). That this mullet could act 
functionally as both female and male or have the ability of self-fertilization could not be 
completely discarded ( Thompson e t al. 1991).

2.5.6 Incubation

Thomson (1963) described M u g il cephalus eggs as buoyant, clear, strawcolored, non
adhesive, and spherical. They averaged 0.72 mm in diameter and hatched approximately 48 hours 
after being fertilized.

2.6 Age and Growth

According to Rivas (1980) mullet may live four or more years. Shireman (1964) reported 
m ullet up to four years old from Maringouin Bayou, Louisiana in 1961-62. Thompson e t al. 
(1991) reported that Louisiana striped mullet have a maximum life span of approximately nine 
years but relatively few live longer than six years. Thomson (1963) stated the maximum age as 
13 years. Bardach e t al. (1972) stated that mullet reach lengths of 50-55 cm and weights o f 1.2-
2 .0  kg. in 4 to 6 years, but it is unclear whether they are discussing growth in the wild, or in 
aquaculture situations. Thompson e t al. (1989) reported that for striped mullet, variability in age 
at a given length indicated that length is a poor estimator o f age. Age validation of striped mullet 
in Louisiana waters showed a single annulus being formed between April and August (Thompson 
e t a l  1989).

Futch (1966) reported that larval mullet (approximately 2.5 mm long) grew into postlarvae 
in about 7 days. As they increase in size, they move inshore and when they reach a length of 20- 
30 mm move into the grassy parts o f brackish water bays. Within 5 months they grew to 50 mm 
juveniles. When they were one year old they were about 185 mm. In their second year, at 
approximately 265 mm, they became available to the commercial fishery.

Fishery-independent seine samples taken by the Department o f Wildlife and Fisheries 
indicate that striped mullet about 20 mm TL were found in November and December, but that 
more young-of-the-year (YOY) individuals were taken in the 20-50 mm range between January
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and April. During May and June, relatively few fish less than 30 mm TL were found, and by 
few juve;.:ies remained less ihiui 5u mm TL. The mode of me fu 'i length frequency 

was about 70 mm in June, 100 mm by September, and 120 mm by December. Growth rates over 
the first year o f life are apparent in the graphed data (Figure 2.1). During the second spring of 
life, the fish are less effectively sampled by the seine gear and this, combined with variation in 
individual growth rates reduces the ease by which growth rates can be distinguished in this figure.

Thompson e t al. (1990) suggested that Louisiana striped mullet complete much of their 
yearly otolith growth between July and November, before the reproductive season, and little 
additional otolith growth takes place during winter and early spring. Even though this is in 
contrast to suggestions presented by Cech and Wohlschlag (1975), it is consistent with the notion 
that mullet undergo somatic growth from July through October, then concentrate on oocyte (or 
testicular) maturation. Thompson e t al. (1990) thought the growth stasis found between January 
and March could be a post-spawning recovery period.

Broadhead (1958) stated females were bigger and grew a little faster than males o f identical 
age. Thompson e t al. (1991) reported that growth models of Louisiana striped mullet showed 
significant differences between males and females in both length at age and weight at age. Futch 
(1966) found a rough correlation between average water temperature and size and age at maturity. 
Individuals from higher temperature areas matured faster than those from lower temperature areas. 
Rivas (1980) reported that growth of striped mullet during spring and summer is more than double 
the growth during fall and winter, and he believed the phenomenon to be related to temperature. 
H e proposed that in the Gulf o f Mexico, growth in length gradually slows as the fish become 
larger, and reaches an asymptote at an average length o f 600 mm total length (TL), at probably 
5-6 years o f age.

Louisiana striped mullet 4 and 5 years old averaged between 350 and 390 mm FL 
(Thompson e t al. 1989). Thompson e t al. (1990) found a near-linear growth rate to age 3 and a 
later typical asymptotic pattern with fork lengths leveling off at approximately 350 mm 
(Thompson e t  al. 1990). Thompson e t al. (1991) reported von Bertalanffy growth models as 
follows for Louisiana striped mullet:

Female length: 4  =  471.70 [1 - e
Female weight: Wt =  643.57 [1 - e 4'88(M'16)]2'93

Male length: 4  =  366.98 [1 - e-°36(t=015)]
Male weight: Wt =  545.37 [1 - e-0'50(t-0-I6)]2'93

They also noted that fish collected East of the Mississippi River showed different growth 
parameters from those taken West of the River, but noted that collection methods were different 
for the fish taken from different parts o f the state, which could have influenced the parameter 
estimates.

Robins e t al. (1986) reported M u g il cephalus to reach a maximum size o f 910 mm but 
added that individuals found are usually less than 510 mm TL. However, a 914 mm TL specimen 
was found in India (Gopalakrishman 1971). A striped mullet caught from F lorida 's west coast 
was reported to have a fork length of 698 mm and a weight of 4.4 kg and unconfirmed records
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o f 9.1 kg and 6.8 kg have been reported from Mexico and Hawaii, respectively (Topp and 
Bcaumuriagv 1971). e; aL  (1991) obtained striped mullet from u;v U. d. oubiae
National Wildlife Refuge (Louisiana) from 483 to 590 mm FL and weights to over 8 pounds (3.7 
kg).

Thompson e t al. (1991) stated that over the entire range of striped mullet examined, 
length-weight, girth-weight, and otolith-body weight relationships did not differ significantly 
between males and females. However, analysis o f striped mullet (mostly females) obtained from 
the U. S. Sabine National Wildlife Refuge showed that their growth and reproductive parameters 
differed from mullet obtained from the Louisiana Department of Wildlife and Fisheries. The fork 
length/total weight relationship reported by Thompson e t al. (1991) was:

TW =  2.1 x 10"5 (FL)3-”  (r2 - 0.99).

2.7 Other Life History Aspects

2.7.1 Food Habits

Mullet are primary consumers that feed mostly on relatively tiny living and dead vegetable 
m atter (Collins 1985). According to De Silva (1980) most researchers now agree that larval 
mullet mainly eat microcrustaceans. Nash e t al. (1974) grew larvae to 20 mm SL using animal 
m atter as a food source and thus demonstrated the dependence of larvae and postlarvae on 
zooplankton. In Indian River Lagoon (Florida), stomach content analyses were perform ed on 
nearly 400 M ugil cephalus larvae up to 35 mm SL. Larvae up to 15 mm SL ate almost exclusively 
copepods (70%) and mosquito larvae (30%); those in the 15-25 mm SL range consumed copepods 
(50% ), mosquito larvae (15%), and plant debris (35%); larvae 25-35 mm SL ingested mainly 
plant debris (80%) and copepods (10%) (Harrington and Harrington 1961). DeSilva and 
Wijeyaratne (1977) discovered that the proportion of sand and detritus in the gut o f juveniles 
increases with length, indicating they tend to take more food from the bottom as they grow older. 
However, Odum (1968) found that mullet 35-80 mm in length fed on a bloom of the dinoflagellate 
K ryptoperidinum  sp. and Futch (1976) stated that if non-toxic plankton blooms are available, 
mullet will feed almost entirely on plankton.

Mullet frequently feed by sucking up the uppermost layer o f sediment, which is rich in 
detritus and microscopic algae, and by ingesting the epifauna and epiphytes on seagrasses and 
other substrates. They also eat surface scum when large amounts of microalgae can be found at 
the air-water interface (Odum 1970). Bishop and Miglarese (1978) reported that they also ingest 
polychaetes (Nereis succinea) in the water column. In some freshwater environments M ugil 
cephalus was found to eat mainly benthic filamentous green algae and epifauna and epiphytes on 
aquatic macrophytes (Collins 1981), but they also consume sediment for grinding.

The time o f peak feeding activity varies with site. Odum (1970) found that in all the 
Florida habitats he studied, feeding varied with the height of the tide, whereas in the saltwater 
(Cedar Key, Florida) and freshwater (Crystal River, Florida) locations studied by Collins (1981)
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feeding was completely diurnal and had no relation to tidal stage. According to DeSilva and 
W ijeyaratne (1977), cepha lic  showed diurnal periodicity in ie-joing acwuiy. i o: 
activity were observed at dawn and around midday and these were not related to tidal stage. 
Brusle (1970) also stated that striped mullet feed during the day, Tabb and Manning (1961) 
reported the species often feed on flats at night and returns to channels in the daytime.

2.7.2 General Behavior

Broadhead and Mefford (1956) found that M u g il cephalus tagged and released just before 
spawning have as high a recovery rate as individuals released at other times o f the year. This 
contradicts the belief held by some fishermen that mullet do not return after spawning and are 
therefore lost to the fishery.

Russell e ta l. (1987) observed that few species were caught as bycatch in gill nets and haul 
seines targeting striped mullet. They believed this to be due to the tight schooling behavior o f the 
mullet.

Mahmoudi (1989) stated that mullet form large schools during spawning months in inshore 
waters and may move offshore in large numbers during these months. After returning from 
spawning offshore, schools disperse and move to tributaries during spring and summer months. 
Thompson e ta l .  (1990) reported that as striped mullet move seaward through the estuaries toward 
open marine waters, there appear to be "staging" areas where the schools temporarily delay 
migration as schools coalesce into larger, massive concentrations. In southeast Louisiana, these 
coalescing schools can be found in Lake Borgne and Breton Sound (Thompson e t  al. 1990). 
Estuarine waters remaining warm late into the fall, and fall hurricanes may delay or disrupt these 
movements (Thompson e t al. 1990). Thomson (1963) reported the timing o f the offshore 
migration may vary as much as two months. Idyll and Sutton (1952) observed that migrations 
were not extensive in Florida, with 90% o f their tagged mullet moving less than 32 km.

According to Hoese (1985) M ugil cephalus seems to have the same behavior as that 
described for R hinom ugil corsula  by Hora (1938), as individuals of a school place much o f the 
mouth, eye and the upper part of the opercle above the surface. This behavior, together with 
rolling and jumping, is thought to move air into the upper posterior portion of the pharynx where 
it is utilized for aerial respiration. The main evidence cited is that jumping frequencies are 
inversely correlated with dissolved oxygen concentrations, and that the pharyngobranchial organ 
has the ability to hold gas.

Hoese (1985) stated that escape jumps from predators or from fright are easily recognized 
because several disturbed fish jum p together and they maintain an upright posture, entering the 
water cleanly. The normal jump is not as fast and not as long, and the mullet usually turns on its 
side or sometimes turns totally upside down before entering the water. Such easy jum ps would 
not seem to be adequate in either dislodging parasites or fleeing, but would be one way to irrigate 
the pharyngeal chamber with air with a little expenditure o f energy.
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Juvenile M ugil cephalus 40-69 mm long can live in salinities ranging from 0-35 ppt. 
M ulbi spci.ti eh: remainii.g i:fj: yc^r <-i li-cir iiiv in coisral v>u;e:\;, sail i;-.ura‘.;es a n j L&iuiiits, 
and frequently swim to deeper water in the fall when the adults move offshore to spawn. 
However, many immature mullet overwinter in estuaries. Following their first year, striped 
m ullet live in the ocean, saltmarshes, estuaries or freshwater rivers (Nordlie e t al. 1982). It 
seems that on some occasions females are much more abundant than males in fresh and brackish 
water habitats (Shireman 1975, Collins 1981).

2.7.3 Pathology

Mullet are frequent hosts to parasitic infections and infestations. Collins (1958) found that 
in almost 300 adult mullet from saltwater and freshwater habitats on Florida's Gulf coast, all fish 
had parasites either on the body surface or gills.

Bacteria have attributed to individual M u gil cephalus mortalities. Lewis e t a l. (1970) 
documented deaths caused by a Pasteurella-hke  bacterium in Galveston Bay, Texas in November 
1968. Substantial mucoid material covered the gill filaments and purulent material was found in 
abdominal cavities of sick fish. Plumb e t a/. ,(1974) isolated a species o f Streptococcus  from 
mullet and other dying fishes from Florida to Alabama in August and September of 1972 and 
suggested that this bacterium was responsible. Cook and Lofton (1975) infected five species of 
fishes including M u gil cephalus with the bacterium and observed erratic swimming, external 
hemorrhagic lesions, peritoneal cavities, and intestines filled with a bloody fluid. Paperna and 
Overstreet (1981) stated Donald H. Lewis o f Texas A&M University found many mullet from 
near Galveston, Texas, with Vibrio anguillarum  during early spring. These fish developed 
petechial hemorrhages in and at the base of the fins, in the oral cavity and around the vent while 
being transported to the lab. Lewis also saw loss o f scales and large lesions on the abdominal 
wall of mullet; Pseudom onas sp. was most often present in the lesions, liver and frequently the 
blood.

Bacteria in or on mullet can also cause disease in man by touching or eating the fish 
(Paperna and Overstreet 1981). Janssen (1970) pointed out the need for further research in public 
health. Some of the bacteria taken from fishes are Aerom onas hydrophilia , M ycobacterium  
m arinum , M . fo rtu itu m , Vibrio parahaem oly ticus, E rysipelothrix rhusiopathiae  and Leptospira  
icterohaemorhagiae. All of the aforementioned can cause disease in man. Mullet can be vectors 
for cholera, salmonellosis, shigellosis, and probably other diseases besides those caused by the 
aforementioned bacteria. Most bacterial diseases that could be acquired from mullet can be 
prevented via cooking the fish (Paperna and Overstreet 1981).

Fungi which infect mullet, include the water-mould, Saprolegnia sp. (Sarig 1971). Mullet 
dying from this water-mould have been documented as well.

Flagellates also attack mullet. The parasitic dinoflagellate A m yloodin ium  ocellatum  
(Brown) or a closely related species, sometimes infests striped mullet in Mississippi and can easily
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kill most pond fishes (Paperna and Overstreet 1981). A . ocella tum  and related species become
Owii ij'TjwIi .L. ;V CuntmCO j-.Si, v :  ih'.'ir r- .v :,t''CiUC;., ;  wap<.L«i.i.:c3. r !  '::.:;- V- 'u^r  JklvS 'ACiC

effective against A . ocella tum  whereas most tested chemicals (Lawler, in preparation) seldom 
were. In Mississippi, Trypanosom a m ugico la  occurs in the blood of striped mullet but appears 
to have no effect.

Ciliates can also be found in striped mullet. Skinner (1974) pointed out an unidentified 
trichodinid on M ugil cephalus from Florida closely resembling Trichodina ha lli. W hat seems to 
be two species of trichodinids in the gill area and on the integument live on striped mullet and 
white mullet (Af. curema) from at least Louisiana to Florida. One or both species were observed 
in M u g il cephalus being raised in ponds at Rockefeller Refuge, Grand Chenier, Louisiana, 
(Overstreet, unpublished data). Frequently Scyphidia  sp. (another peritrich) also lived on the 
integument and gills. The ciliate known as 'ich' (Ichthyophthirius m ultifiliis  is one o f the most 
devastating parasitic diseases which attacks mullet and other fishes restricted to freshwater ponds 
or aquaria (Paperna and Overstreet 1981). Striped mullet fall prey to C ryptocaryon ir r i ta n t  
which is I. multifiliis salt water counterpart. Wilkie and Gordin (1969) found the fish vulnerable 
to this parasite when marine waters were warmer than 15° C.

Haemogregarina m ugili is an Apicomplexa (taxonomic division which includes most taxa 
previously belonging to the Sporozoa) that infects only mullets. Saunders (1964) and Becker and 
O verstreet (in preparation) have observed it in striped mullet in Florida and Mississippi, 
respectively.

M u g il cephalus also hosts cysts of one or more species of K udoa  in Mississippi. These 
infections are found in the musculature and along the alimentary tract (Paperna and Overstreet 
1981).

The parasite M yxosom a cephalus was found in M ugil cephalus  from south Florida 
(Paperna and Overstreet 1981). It was discovered in the meninges, gill arches and filaments, 
buccal cavity, jawbone, crop, esophagus, intestine, liver and mesentery of the fish. This species 
was thought to have caused the heavy mortality o f striped mullet in southern Florida, in 1964 
(Iversen, Chitty and Van Meter 1971). Material obtained from the brain-cavity and elsewhere 
pointed to this pathogen. M ore than one species of this complex can be found in mullet in 
America

Parasitic copepods also infect striped mullet (Paperna and Overstreet 1981). The ergasilids 
Ergasilus lizae, E . versicolor, and two other forms parasitize M u g il cephalus  in the United States 
(Johnson and Rogers 1973). Besides, several specimens of E . fu n d u li, in areas heavy with 
cyprinodontid fishes frequently infest young or, sometimes, adult mullet. E . long im anus  has been 
reported from Florida (Skinner 1974). Paperna and Overstreet (1981) stated that probably other 
ergasilid species parasitize mullet and pointed to ergasilids heavily infesting striped mullet in 
ponds at the Rockefeller Refuge near Grand Chenier, Louisiana. The fish however did not appear 
emaciated. The cyclopoid Bom olochus concim us, plagues M ugil cephalus in the southeastern U. 
S. This parasite was observed in 20 o f 83 fish with each fish having between 2-25 individuals in
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Biscayne Bay, Florida (Skinner 1974). Bomolochus teres and B. exilipes parasitized striped mullet 
in TtxuJ (Pcarse L bfcii ibund ou the
gills of striped mullet in the Gulf of Mexico (Paperna and Overstreet 1981). The lerneopodids 
Clavellopsis robusta, A lella  longimana and Clavella inversa  also plague M ugil cephalus  from the 
Gulf of Mexico (Paperna and Overstreet 1981).

A rgulus flavescens and A  flo r id en sis  (parasitic crustaceans that belong to the Branchiura) 
infest mullet throughout the Gulf Coast o f the U. S. (Cressey 1972). A new species o f A rgulus  
was collected from M u g il cephalus in Mississippi (Overstreet 1974). There is definite evidence 
that species of Argulus have killed fishes in enclosed areas and therefore, they should be regarded 
as a threat to mullet in aquaculture (Paperna and Overstreet 1981).

Isopods also feed on striped mullet. The cymothoid M erocila  acum inata  (synonymous 
with a species closely related to N . lanceolata) parasitizes M ugil cephalus in Texas.

Monogeneans may be found on the gills and body of fishes. A new species o f gyrodactylid 
plagues striped mullet in Florida (Skinner 1974). The dactylogyrid A ncyrocephalus vanbenedenii 
infests M u g il cephalus in the Gulf o f Mexico.

Digenetic trematodes or flukes usually are the most abundant helminths in number of 
species and individuals (Paperna and Overstreet 1981). Table 1 from Paperna and Overstreet 
(1981), depicts adult digeneans observed in striped mullet in Louisiana and or neighboring states. 
Table 2 portrays digenean metacercariae with geographic locality. One major objection to M u gil 
cepha lu s  as a food fish cited by Bardach e t ah  (1972) is that it carries a fluke H eterophyes  
heterophyes dangerous to man if the flesh is eaten raw or poorly cooked.

Phagicola longus causes few human infections in the southeastern U. S. because most fish 
is cooked, but eating raw, cold smoked, or salted mullet could easily modify the public health 
statistics (Paperna and Overstreet 1981). Courtney and Forrester (1974) found an average of 
11,849 worms in each of 14 brown pelicans from Louisiana. Hamed and Elias (1970) observed 
live parasites in frozen fish at -10° or -20P C for 30 hours, but Paperna and Overstreet (1981) 
reported that deep freezing at -18° C for 24 hours killed all metacercariae. Hamed and Elias 
(1970) discovered live worms after 10 minutes at 100° C.

Cestodes are also commonly found in M u gil cephalus. At least two species under the 
group-name Scolexpolym orphus have been found. One parasite was discovered in the cystic duct 
of striped mullet from Mississippi and Florida, the other was found in the intestine o f young fish 
from Mississippi. A Rhinebothrium  sp. has also been documented from the mesentery of M ugil 
cephalus in Mississippi (Paperna and Overstreet 1981).

Nematodes such as C ontracacecum  robustum  larvae parasitizes M u g il cepha lus  from 
Louisiana, Mississippi, Alabama and Florida with heavy infections from near Grand Chenier, 
Louisiana, where the parasite may have affected the hosts' health (Paperna and Overstreet 1981). 
Contracaecum robustum, lives in the liver, kidneys and adjacent tissues of striped mullet (Paperna

17



and Overstreet 1981). Hysterothlacium  type MB, recognized by Deardorff and Overstreet (1981) 
as a p v - . . . i .e . . 'v .n  ,i<L2..wd ins bc^n :C..nd in :-.pna:Ms u\ G-.u v: L .exkv v.a;u;^. :n
addition, H . reliquens (Norris and Overstreet 1975) and H ysterothlacium  type MD have been 
observed in Gulf o f Mexico striped mullet (Deardorff and Overstreet 1981).

Larval ascaridoids are a potential human health hazard if infected fish are not well 
prepared. Symptoms comparable to those caused by cancer of the alimentary tract o r an ulcer can 
be produced by some species (Paperna and Overstreet 1981).

C apillariaphilippinensis was accused of human deaths in the Philippines. Most infected 
individuals had been consuming raw fish and shrimp (Paperna and Overstreet 1981). Rawson 
(1973) has documented small infections o f C apillaria  sp. from striped mullet in Georgia.

The acanthocephalan F loridosentis elongatus, may be found in the intestine o f striped 
mullet from Florida to Texas. This species, in general, should not cause harm to M u g il cephalus  
in its natural environment (Paperna and Overstreet 1981).

The leech M yzobdella lugubris, can affect M u g il cephalus detrimentally if found in large 
numbers. It has been recorded from estuarine and fresh-water habitats in Mississippi (Sawyer, 
Lawler and Overstreet 1975). As discussed by Overstreet (1974), Sawyer e t a l. (1975) and 
others, leeches are probably vectors for the protozoan parasites living in the blood o f mullet and 
other fishes.

Glochidia are the larval stages o f the fresh-water bivalves of the Unionidae and are 
potential hosts whenever striped mullet live in fresh-water (Paperna and Overstreet 1981).

Ciguatera poisoning can be acquired from eating M ugil cephalus either cooked or raw. 
Fortunately, Paperna and Overstreet (1981) stated that this type of poisoning is uncommon when 
you consider the quantity o f mullet that is eaten throughout the world.

Hyuga fever which is synonymous with Kagami fever has R iche tts ia  senne tsu  as its 
aetiologic agent (Paperna and Overstreet 1981). Eating uncooked striped mullet may produce this 
disease in man (Kitao, Farrell and Fukuda 1973).

Paperna and Overstreet (1981) stated that mullet have fed on sewage and on matter 
saturated with petroleum products. They presume pathogenic bacteria, toxic organic substances 
and heavy metals acquired by the fish are accumulative and can all be transmitted to man when 
he eats the mullet.

Diet deficiencies, environment, including pollution, and genetic problems can cause 
atypically shaped mullet (Paperna and Overstreet 1981). Tumors have been observed in striped 
mullet from the northern Gulf of Mexico and Biscayne Bay, Florida (Sindermann 1972, Lightner 
1974, Edwards and Overstreet 1976). Increased pollution was suggested by Edwards and 
Overstreet (1976) as the cause o f these tumors.
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"Red tide" caused by dinoflagellates or dinoflagellates and bacteria have killed fishes along 
the Gulf of Mexico apparently by the eti level wnu] Vtv.cc ceganlsiisS
decompose. In addition, according to Ray and Wilson (1957), and Gates and Wilson (1960) 
single alga and bacteria-free cultures of G ym nodinium  breve, and cultures of G onyaulax m onila ta  
with bacteria, each produced one or more substances which were deadly to striped mullet in 
relatively low concentrations.

Paperna and Overstreet (1981) stated quick changes in water temperature, sometimes 
associated with salinity levels, probably are responsible for most naturally occurring fish kills. 
A massive kill almost completely o f striped mullet was documented by Overstreet (1974) in tidally 
influenced bayous of the Mississippi after a period of freezing temperatures. Where salinity was 
greater than 6 ppt, other individuals of M u g il cephalus did not die.

Paperna and Overstreet (1981) reported that most major kills in estuaries are due to either 
oxygen-depletion or a combination of the aforementioned with some other factor. According to 
Christmas (1973) striped mullet and menhaden are the most impacted species in most kills of 
unknown cause in Mississippi.

Good water quality is not only essential for mullet and other fishes but also, for the people 
who eat them. Pesticides concentrate in mullet tissues, especially those containing lipids (Paperna 
and Overstreet 1981). The authors also reported humans can concentrate pesticides in their tissues 
by eating the mullet and that mullet can die from rapid release of high levels of pesticides stored 
in its fat into the blood during starvation.

Paperna and Overstreet (1981) stated that in the United States only salt, glacial acetic acid 
and sulphamerazine can be used legally to treat mullet grown for consumption. For example, salt 
can be used to eliminate the disease caused by the phycomycete fungus Saprolegnia  sp. on mullet. 
Paperna and Overstreet (1981) also declared that chemicals can harm mullet directly, they can 
harm people that consume or rear the fish and they can affect water quality. For example, 
malachite green may cause cancer, and if  potassium permanganate is used in dust form, a cotton 
mask, safety glasses and gloves should be worn by the handler.

Overstreet (1990) declared that numerous health problems, particularly those concerning 
m arine stocks, can be eliminated, controlled or reduced by drying out ponds periodically. He 
added that getting rid o f accumulated waste and employing lime or some other agent on the 
cleaned bottom will be appropriate in some cases while in others letting the sun bake the sediment 
for a few days might be enough.

2 .7 .4  Trophic Position in the Community

Adult striped mullet have been classified as detritivorous, herbivorous, and interface 
feeders. The diet and feeding behavior o f the fish can vary by site, but their predominant food 
is either epiphytic and benthic microalgae, macrophyte detritus or inorganic sediment (Odum
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1970). Collins (1985) stated that even though the diet of mullet overlaps that of a variety of
;iGu;vi-' species, iurr-specific hes ;.o- ruih.ined.

Thomson (1963) observed that the main predators of juvenile and adult mullets are fishes 
and birds. Breuer (1957) reported that spotted seatrout (C ynoscion nebulosus) eat mullet up to 
35 cm in length, and in Florida sharks occasionally feed heavily on large mullet. In Louisiana 
waters, juvenile and adult mullet have been found in stomachs of red drum (Sciaenops ocellatus) 
and spotted seatrout (LDWF data, H. Blanche!, pers. comm.).

2.7 .5  Habitat Requirements by Various Life History Stages

Ditty and Shaw (1996) described the distribution of larval striped mullet in the offshore 
northern Gulf o f Mexico. They found most larvae at stations with surface water temperatures 
£24.7° C (range 16.7-27.0° C, mean 23.4° C) and salinities >34.0 ppt (range 23.5-36.S, mean
34.4  ppt). Their largest tow came from 185 km (=115 miles) south o f the mouth of the 
Mermentau River in western Louisiana, in water 103 m (= 338 feet) deep. They caught striped 
m ullet at stations with water depths between 7 and 2,837 m (23 to 9,308 ft.), with the highest 
relative frequency of stations containing larvae between 41 and 180 m (135 to 591 ft.).

An analysis of the worldwide distribution of striped mullet indicates mullet are temporary 
residents in regions where waters do not reach 18° C (Collins 1985). Young striped mullet living 
in salt marsh pools on Florida's Gulf coast at temperatures ranging from 13-34.5° C were reported 
by Kilby (1949). Water temperatures presumably regulate the amount o f time that young 
individuals stay in estuaries. For example, mullet less than 50 mm SL favor temperatures 
between 30.0-32.5° C and fish from 50 to 130 mm SL prefer temperatures in the 19.5-20.0 C 
range. For all sizes of mullet, the temperature chosen tends to decrease as salinity increases. The 
minimum water temperature reported for the species was 4.5° C (Moore 1976) and one adult was 
caught at 36° C (Moore 1974). Ferret e ta l .  (1971) stated that 1,146 striped mullet were taken by 
trawl and 1,280 were caught by seine in Louisiana. All fish were caught from water temperature 
intervals 5.0-9.9° C up to and including water temperatures of 30.0-34.9° C.

Live mullet of undetermined size were reported in waters with a salinity o f 84-86 ppt, as 
were deaths and emigration above 75 parts per thousand (ppt) (Wallace 1975). Adult mullet have 
been documented from salinities ranging from 0 ppt (Collins 1981) to 75 ppt (Simmons 1957). 
Ferret e t al. (1971) reported striped mullet in Louisiana to range in size from 15 to 465 mm and 
to occur from fresh water to salinities over 30 ppt. The largest catches were made at 5 .0  to 19.9 
ppt. Sylvester e t al. (1975) induced fish to spawn in the laboratory and found that egg survival 
was greatest at the highest salinity tested, 32 ppt. Survival of larvae was greatest at 26 ppt in tests 
from  24-36 ppt. Nordlie et al (1982) stated that when mullet are 40-70 mm SL they achieve a 
definitive state of osmoregulatory capability and can live in fresh water to full strength sea water.

Sylvester e ta l. (1975) observed that mullet eggs and larvae apparently cannot live below 
a dissolved oxygen (DO) level of 4 ppm. Over a range of 1.0-8.0 ppm DO, eggs incubated in the
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laboratory for two days had a survival rate of 0%-3% at levels 4.5 ppm and below. The survival 
rave W uS S> yv'v lor 5.'J ;.p;n uvu were kept in DO 'jonveiitruiiutis ui 4.0-7.v ppm
from 1-4 days. The larvae held for 96 hours had a mean survival of 0-8 % at 4.0-5.4 ppm, 21 % 
at 6 .4  ppm, and 84% at 7.9 ppm. Even though 7.9 ppm was 146% saturation under the 
conditions tested, there was no sign of gas bubble disease. Collins (1985) reported no specific 
data on oxygen requirements for adult mullet from the literature. However, initial experiments 
with fish in cages reported by Collins (1985) revealed their tolerance to a DO level of 4.4 ppm 
at 29° C and a salinity o f 28 ppt.

Mullet live in many habitats and depths and spawn predominantly in relatively deep, cool 
coastal waters. Larval fish move inshore to shallow waters along beaches and enter salt marshes 
(Collins 1985). Thompson e t al. (1990) reported postlarval and juvenile striped mullet showed 
a strong movement toward lower salinity estuarine waters and became common in estuarine 
habitats by mid to late winter. Smaller juveniles in their first year in the estuaries showed strong 
preference for shallow protected shoreline and marsh habitats. With growth, the young-of-the 
year formed larger schools and became oriented more towards open water. Striped mullet of all 
size and age classes were found in Louisiana estuarine waters (Thompson e t al. 1990). Major 
(1978) observed in Hawaii, in spite of near-lethal temperatures, schools of mullet less than 50 
mm SL were invariably found in very shallow waters, including the swash zone and tide pools. 
Juveniles larger than 50 mm SL favor the slightly deeper waters beyond the swash zone, although, 
they may swim into shallow waters that smaller mullet have left unoccupied during flood tides. 
The very shallow water favored by fish smaller than 50 mm SL may help them elude the majority 
of their predators and to feed without significant competition. Ferret e t al. (1971) reported striped 
m ullet in Louisiana were more abundant in shallow waters near the shore. Seine collections 
produced fish during all months; the highest catches were made in January (Ferret e t al. 1971).
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TA BLE 2 .1 . Adult digeneneans in M ugil cephalus, site and locality (from Paperna and
O vraireet 19-SI)

PARASITE SITE LOCALITY

H ysterolecitha elongata stomach, intestine Mississippi
Manter 1931

L ecithaster  helodes intestine, pyloric, Mississippi and
Overstreet 1973 caeca Florida

E pithelionem atobothrium  sp. body cavity Florida
Skinner 1974

H aplosplanchnus m ugilis  
Nahhas and Cable 1964

intestine Florida

H ym enocotta  m anteri intestine Georgia to Louisiana
Overstreet 1969

Schikhobalo trem a elongatum intestine, pyloric Florida
Nahhas and Cable 1964 caeca

Schikhobalotrem a  sp. intestine Florida
Skinner 1974

Schikhobalo trem a  sp. 
Nahhas and Short 1965

intestine Florida

C halcinotrem a m ugilico la  
(Shireman 1964) Overstreet 1971

intestine Louisiana

D icrogaster fa s tig a ta intestine, pyloric Georgia to Louisiana
Thatcher and Sparks 1958 caeca

Saccocoelio ides beauforti intestine, pyloric North Carolina to
(Hunter and Thomas 1961) caeca Louisiana

L asio tocus glebulentus intestine Mississippi to Florida
Overstreet 1971

L asio tocus m ugilis intestine Florida and Georgia
Overstreet 1969
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TABLE 2.2. Digenean metacercarie in M ugil cephalus (from Paperna and Overstreet 1981).

PARASITE LOCALITY

Cyathocotylidae Poche 1926 
M esostephanus appendiculatoides  
(Price 1934) Lutz 1935

Florida

Bucephalidae Poche 1907 
Rhipidoctyle lepisostei 
Hopkins 1954

Louisiana

Didymozoidae Poche 1907 
D idym ozoid  larva

Mississippi

Acanthocolpidae Luhe 1909 
Stephanochasm us sp.

Florida

Heterophyidae (Leiper 1909) 
Odhner 1914
Phagicola  longus (Ransom 1920) 
Price 1932

Southeastern United States
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3.0 DESCRIPTION OF THE FISHERY

3.1 History of Exploitation

Due to the variety and abundance of more desirable species of fish in Louisiana waters, 
striped mullet were not a significantly targeted species until recently. Consequently, there is little 
documentation of the historic fishery. National Marine Fisheries Service (NMFS) records for 
striped mullet catch and landings in Louisiana are as early as 1930, although the commercial 
industry did not develop significantly until the 1970's. Commercial catches in those early years 
were probably limited to food or bait.

Recent creel surveys and historical information (or a lack thereof) suggest that striped 
mullet are not a targeted recreational fish in Louisiana (Adkins e t al. 1990, Guillory and Hutton 
1990).

In all probability, the first mullet catches taken from Louisiana waters were taken by native 
Indians from tidal impoundments. Block off methods, primitive traps, baskets and nets were 
probably used by the natives to extract mullet from coastal estuaries in the past. European 
explorers and settlers may have expanded the removal of mullet from Louisiana waters during 
exploration and settlement by use of better boats, nets and fishing methods.

3.2 Commercial Fishery

The commercial striped mullet fishery in Louisiana consists o f inshore and nearshore 
components. Boat size, type and size of fishing gear and fishery regulations are important in the 
divisional structure of the commercial fishermen and the area of fishing preference. The inshore 
fishery is composed mainly of smaller vessels, using hand-hauled gear. The nearshore fishery is 
composed of larger vessels, often with power reels for gear retrieval.

The striped mullet fishery is concentrated east of the Mississippi River with effort and 
catch per trip increasing during the spawning months in response to the availability o f large fish 
aggregations and market demand for roe (Mahmoudi 1989).

From 1958 through 1990, Florida produced 80-90% of the United States mullet catch from 
the Gulf o f Mexico (Collins 1985, Leard 1995). Louisiana's fishery has relatively recently 
expanded, mainly targeting roe mullet, and is presently comparable to Florida’s recent annual 
landings.

3.2.1 Description of Commercial Fishing Activities

Louisiana fishermen have utilized a variety of methods to capture striped mullet for 
commercial exploitation: mono- and multifilament gill nets, seines, trammel nets and purse seines.
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Special interest was placed on some gear types as a result o f experimental permits issued from
1930 ihfvugh 1956.

Gill nets were usually deployed by one of two methods: A . As a set net located in an area 
of dense mullet concentrations or in a location that has a channeling effect; or, B . as a strike net 
deployed in a circling manner to surround the school. Recent legislation only allows strike 
netting. Schooling mullet were often located for strike net fishermen by spotter planes until this 
practice was outlawed in 1990.

"Florida skiffs" are the dominant type vessel used in the striped mullet gill net fishery. 
Skiffs from 22 to 28 feet in length are used which often have specialized gear such as a  small 
flying bridge (for spotting), lights for night fishing (pre 1995 legislation) and power rollers for 
net retrieval (Russell e t al. 1986).

The maximum legal length of saltwater gill nets used in the Louisiana mullet fishery is 
1200 feet; they are constructed o f 3.5 to 4.5 inch stretched multifilament mesh. The most 
common mesh size used is four-inch stretched, and the set time averages ten minutes (Russell et 
al. 1986).

Marais (1985) conducted a  gill net study in an Eastern Cape estuary using multi filament 
polyester gill nets (0.5 mm thick). Each net consisted o f five sections with stretched mesh 
openings of 55, 70, 85, 110 and 145 mm. Nets were set for 12 hour periods from dusk to dawn. 
M ullet catches indicated that 34% were caught around the head, 45% were caught around the 
widest part o f the body, and 21 % were gill-entangled.

Few incidental species are caught in gill net and haul seines used to harvest mullet due to 
the schooling behavior of mullet. Species which are occasionally caught in small numbers during 
mullet sets are sheepshead, black drum, red drum and Spanish mackerel (Russell e t a l. 1987).

In Louisiana, the gill net fishery for mullet is concentrated in the area o f Lake Borgne, 
Mississippi River Gulf Outlet, Breton Sound and Breton Bay (Bane e t a l. 1985). Since this time, 
landings data indicate the fishery has expanded westward of the Mississippi River.

Trammel nets are a gear consisting o f at least three panels or walls grouped together in a 
sandwich-like fashion. The inner panel being smaller, the outer panels are large enough to allow 
the inner panel to be pushed through them, causing a pocketing effect that entangles individual fish 
(Everhart and Youngs 1981).

Fishermen using trammel nets in the mullet fishery probably changed to a method " 
consuming less time to retrieve a net set, o r remove the catch, or left the mullet fishery in favor 
o f other fisheries.



Permits for seine use to harvest mullet were requested in 1980. the first year o f the 
experimental fishery permitting system. Seines, most commonly used in conjunction with spotter 
planes (no longer permitted), are very efficient gear for catching large numbers o f mullet, as they 
do not require the time consuming process o f removing fish.

A study by researchers at LSU (Russell e t al. 1987) showed that seines catch a higher 
percentage of males than gill nets, causing the price per pound from a seine set to be lower than 
the price per pound from a gill net set. They found the following sex ratios from samples taken 
East o f the Mississippi River in Louisiana waters:

Gill Nets Haul Seine
Male Female Male Female
15% 85% 53% 47%

Purse seines were a popular gear type utilized to harvest mullet prior to 1984, when this 
gear was prohibited by legislation. Purse seines have a purse line at the bottom of the net which 
is tightened in a draw string manner giving the net a bowl shape from which captured mullet can 
be scooped out with large dip nets (Everhart and Youngs 1981). Purse seines have the capability, 
depending on net size, of capturing over 100,000 pounds (45,000 kg) o f mullet per set. Vessels 
which used purse seines were typically 50-80 feet (approx. 15-24 m) in length, with holding 
capacities o f up to 200,000 pounds (9,000 kg) (Russell e t al. 1986).

Prior to 1984, purse seine vessels operated primarily in Breton Sound and offshore waters 
due to permit restrictions banning them from most inshore waters. Most purse seine operators 
transported their catches directly to processors out of state, usually in Alabama or Florida (Bane 
e t a l. 1985). Regulatory changes have eliminated its use since 1986 (La. Administrative Code, 
Title 76, Part VII, Chapter 7).

3.2 .2  Trends in Commercial Effort and Harvest

Recent increases in effort in the Louisiana striped mullet fisheries were initiated mainly by 
the demand of Florida and Alabama processors and the influx of out-of-state fishermen exploiting 
the mullet fishery. In 1976 a market developed in Florida for mullet roe (Mahmoudi 1989), 
greatly increasing the demand for mullet. The fishery expanded to Louisiana in light o f the high 
quality of roe mullet extracted from Louisiana waters (Russell e t a l. 1987).

As in all fisheries, supply and demand are reflected by trends in harvest and prices. This 
scenario is greatly magnified during the spawning (roe) season and is quite obvious in monthly 
harvest records (Fig. 3.2). Since roe is the most valuable of the four marketed mullet products, 
the greatest harvest of mullet takes place from October through January. The other mullet 
products are testes (white roe), stomachs (gizzards), and fillets (Bane e ta l .  1985).



The Hopedale-Yscloskey area in St. Bernard Parish has been the center for mullet roe 
p io d u ~ iicn  in Louisiana. ;;« ovvi ,U ooaiu ikvm Louisiana, A iabunu, i iviida anu
Mississippi, worked in St. Bernard Parish and the surrounding waters. Out-of-state fishermen 
were more experienced at netting mullet than most Louisiana fishermen, but more local fishermen 
are developing an interest in the fishery due to its obvious profit potential (Russell e t  al. 1987). 
Since the period from 1986 the fishery has expanded westward of the Mississippi River. The 1995 
legislation eliminating those fishermen from states with net bans from purchasing the necessary 
licenses, has effectively reduced the numbers of fishermen in the mullet industry at present.

The history of the commercial striped mullet fishery in Louisiana can be divided into two 
periods o f exploitation: pre-roe and roe market periods, the latter of which was initiated by Florida 
processors during 1976.

National Marine Fisheries Service (NMFS) records show Louisiana average landings of 
87,729 pounds (39,478 kg) of mullet for the five year period 1972 through 1976. Average 
landings o f 3,494,296 pounds (1,572,433 kg) of mullet for the twelve year period (1977-1994) 
followed the development o f the mullet roe market (Fig. 3.1).

P rio r to 1977, landings o f striped mullet from Louisiana never exceeded a  quarter o f a 
million pounds with the exception o f 1949 when 572,000 pounds (247,400 kg) were taken (Figs.
3.3 - 3 .4 , NMFS 1962-1994 Annual Louisiana Landings). For the period 1972 through 1976, 
landing records show a range of 15,845 (7,130 kg) to 213,000 pounds (95,850 kg) (Fig. 3.1). The 
twelve years following 1976 show an increase in striped mullet landings with only three years 
(1977, 1980 and 1985), falling below the one million pounds (Fig. 3.1). Records indicate that 
there was a  significant harvest between June and October o f 1980, 1981 and 1988 (Fig. 3.1). A 
late hurricane (Juan) followed by inclement weather during the spawning season o f 1985 was 
responsible for the second lowest landing since 1976 i.e. 579,297 pounds (260,684 kg). 
Respective high (3,157,207 pounds (1,420,743 kg) in 1989) and low (204,310 pounds (91,940 kg) 
in 1980) landings of striped mullet occurred during the period 1977 through 1989. Record catches 
have occurred during the 1990's with landings data from 1994 being the highest recorded.

W ith demand for mullet roe continuing and with a corresponding price increase, the 
Louisiana mullet fishery has evolved from an underutilized species fishery to a  viable fishery 
today.

3.2.3 Aquaculture

Mullet does not seem to be a desirable species for aquaculture in Louisiana at this time due 
to its abundance in the wild, market competition with more desirable food fishes, and.returns 
versus costs in aqua farming. However, the holding o f juveniles and subadults for harvest as roe 
mullet may be possible and economically feasible if legal and technical issues with this could be 
resolved.
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Futch (1966) recommended the aquaculture of mullet because they are one o f the major 
species rawed In me Orient u.-ui because brackish ponds closely approxinv.Le die naurnl habitat. 
However, Futch points out two major economic factors to be considered in mullet aquaculture: 
the abundance of fish for stocking ponds and the high cost of pond development and maintenance.

Experiments with mullet aquaculture have been carried out in the following countries: 
Italy, Taiwan, Israel, India, Pakistan, Burma, Cyprus, Yugoslavia, Greece, Tunisia, United Arab 
Republic, Egypt, France, Indonesia, Philippines, Republic of China, Hong Kong, Japan, the 
United Kingdom and the United States.

Bardach e t al. (1972) stated if researchers could succeed in unlocking the secrets of 
spawning and rearing M ugil spp. on a large scale, mullet could well become the most important 
human food product of the estuarine environment.

A brief summary of the major contributions to the propagation of mullet by artificial means 
as reported by Bardach e t a l  (1972) follows:

1. Artificial propagation of mullet was first achieved in Italy in 1930 by a method similar 
to "stripping" trout in hatcheries.

2. Induced ovulation and successful spawning of striped mullet by injecting ripening fish 
with striped mullet pituitary extract and the synthetic hormone Synahorin occurred in Taiwan in 
1964.

3. In 1968, researchers in Israel spawned striped mullet using three time-lapsed injections 
of common carp pituitary.

Mullet are not normally regarded as a food fish in the United States, except for Hawaii, 
Florida, Georgia and, to some extent South Carolina, Alabama and Mississippi. Therefore, they 
have received a limited amount of research from United States aquaculturists. Bardach e t a l
(1972) summarized the following experiments regarding mullet aquaculture in the United States:

1. At Bears Bluff, South Carolina, a 0.6 hectare brackish water pond, 1 to 2 meters deep, 
stocked by natural processes and virtually unmanaged, yielded 85 to 227 kg/ha of fish, of which
47.5 to 74.2% were striped mullet, during five 6 to 13 month growing seasons.

2. Similar yields from fertilized ponds used for experimental monoculture were obtained 
at the Marineland Laboratory, Orlando, Florida.

3. A 5.6 hectare brackish water pond, 1.7 meters in depth, intended for pompano culture 
at the Florida Board of Conservation laboratory in St. Petersburg, Florida, produced a high yield 
of extraneous fish. Striped mullet and white mullet constituted the majority of the fish population 
and yielded 767 kg/ha over a two year growing period.
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In Louisiana, Perry (1972) and Perry and Avault (1975) conducted monoculture, and 
pclycui.ure jtudie^ v.i.h \uiped .r.u:Lt t.om l>i>0-1973 a: die ivuckcivik: VViid;i:'c Rerugu, W ane 
Chenier. In 1969, a monoculture pond was stocked with 2,519 mullet/ha to determine survival 
and growth during the winter. The mullet experienced water temperatures of. 11° C with a survival 
rate of 87% and a production rate of 352.8 kg/ha. The pond was harvested after 317 days.

A polyculture pond of Atlantic croaker (M icropogonias undulatus)zxi<\ striped mullet, into 
which supplemental feed was not added, was stocked the same year. Atlantic croaker survival was 
10% and contributed 63 kg/ha. At the end of the study, mullet weighed 77 grams more on 
average in the polyculture pond than those cultured alone at the same density. However, survival 
o f mullet was 18% greater in the monoculture pond.

In 1970, eight ponds were stocked with mullet at the following rates: 1) Two ponds at 247 
fish/ha, 8 grams/fish; 2) three ponds at 4,940 fish/ha, 6 grams/fish, and 3) three ponds at 4,940 
fish/ha, 33 grams/fish. Supplemental feed was not added. Mullet were harvested after 181 days 
with production of 1) 60 kg/ha, 2) 191 kg/ha and 3) 454 kg/ha respectively. Ponds stocked at 247 
fish/ha were the only ones producing fish of harvestable size, averaging 380 grams (330mm). 
Approximately 65% of the fish harvested exceeded 340 grams.

During 1971, production of 1,602 kg/ha was obtained from a polyculture experiment with 
mullet and channel catfish (Icta lurus puncta tus).

A polyculture experiment was conducted in 1972, stocking 4,940 channel catfish and 
14,820 mullet per hectare. A monoculture control of 4,940 channel catfish supplementally fed was 
also conducted. Catfish in the polyculture pond produced 2,353 kg/ha and had a survival rate of 
85%. Mullet survival was 51% and averaged 59 grams. Production of catfish in the monoculture 
pond was 2,323 kg/ha with a survival rate o f 91%.

In 1973, experiments were conducted with Atlantic croaker and mullet in polyculture using 
a croaker monoculture as a control. The ponds were stocked with 4,940 croaker and 247 
mullet/ha. Polyculture survival was 90% for mullet and 35% for croakers with mullet accounting 
for 136 kg/ha o f the 315kg/ha of fish produced. Croaker survival and production from the 
monoculture pond was 35% and 123 kg/ha, respectively.

The Rockefeller experiments indicated mullet culture to be quite promising, though 
techniques must be improved and marketing, especially local, needs to be developed.

Mullet culture has not been developed in the western hemisphere other than the United 
States, although its potential for alleviating the serious protein problem of Latin America is 
obvious. It could also prove useful in reducing the protein supply problem in tropical Africa 
(Bardach e t  a l. 1972).
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3 2 4  Econom ics o f  the Commercial Striped Mullet Fishery

The commercial striped mullet fishery is divided into three markets, and the dockside price 
o f each product may be different. Mullet are harvested for three general uses: as bait for fishing 
operations, as food fish for human consumption, and as a source o f fish roe. Mullet sold for bait 
typically bring the lowest dockside price, while mullet sold for roe bring the highest.

Each market supplies a different geographic region. The bait market is essentially a local 
market, providing bait to crab and trotline fishermen in coastal Louisiana. Mullet as food fish is 
mainly marketed out o f state, though a small local market exists in Louisiana. M ost o f these fish are 
exported to Georgia, Florida, and Alabama. Roe mullet is either processed within the state or 
shipped out o f state for processing. The final product is intended for export to foreign countries, 
especially in Asia.

The effect o f the roe market on prices may be seen in the dockside price paid on a monthly 
basis. Figure 3.7 shows the monthly harvest and dockside prices o f mullet from 1978 to 1992. 
Those months of roe harvest (October to January) have higher prices than other months. Harvest is 
lower in October and January than in November and December. Prices will vary by month due to 
the quality o f roe, availability from other areas, and availability o f alternative species.

Figure 3.1 presents annual harvest and prices from 1978 to 1994 in Louisiana. This data for 
mullet harvest and associated price are unusual for commercial fisheries, where higher prices are 
typically associated with times o f lower harvest. This may be due to the fact that Louisiana has been 
a small supplier and that Louisiana prices followed prices set in the Florida fishery. Further, the 
demand for roe increases demand and price for the fish during the roe season.

Only the female mullet has value for the production o f roe, and the presence o f significant 
numbers of males in the harvest can affect the price o f this commodity. Males harvested in the roe 
fishery may be sold separately at a much lower price or may be included in the sale o f females with 
the reduction of price absorbed by the entire catch. During the roe season, the harvest rate 
substantially exceeds the harvest rate at other times of the year. Therefore, there is relatively little 
directed harvest for food or bait at that time. However, the bait fisheiy has a ready supply of 
carcasses available from roe processors, and there is no need for quality control for mullet carcasses 
used as bait.

The price structure for mullet sold at the dock is variable and has become more complex over 
the past few years. Russell e t a i  (1986) described a simple price structure, with females receiving 
a higher fiat rate dockside than males. More recently, common practices involve some method of 
variable pricing depending on the size (weight) o f the individual roe, the percentage o f roe by weight 
in the female, and the percent o f  females in the harvest (Table 3.1)/

Prices per pound for mullet as food or bait are lower than the price for roe mullet (Figure 
3.1). Since 1990, the market for mullet as a food fish has complicated the non-roe price structure.
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Sales are unclear as to destination, and the prices collected monthly by NMFS may use an average
•;wc to.' unit and moat, i'uwx .:.f, prices ad;-.:itv.c Cr ndiniioi- :.a-.v s; u’.vn .;a up-f.u!u vft-..

The typical relationship between price and harvest for most fisheries is not evident for 
Louisiana mullet. In most fisheries, landings for a species or group are inversely correlated with 
dockside price. For instance, if landings increase, prices tend to decline. When price is plotted 
against monthly landings, this produces a negative slope for the regression line. This is not the 
case for Louisiana mullet. Slope o f the regression line between seasonal (roe or non-roe) harvest 
and price is not significant, and very near zero (Table 3.2), or is positive. This is perhaps not 
unexpected when the Louisiana fishery is considered as a relatively small part o f the regional 
fishery, which has been dominated by Florida harvest. It does have implications, though, that at 
least at harvest levels seen in recent years, the market is fully capable o f utilizing the harvest. It 
also implies that at least modest increases in landings would result in minimal declines in price per 
pound.

An economic analysis o f a commercial fishery will involve dockside values. However, 
using only dockside prices will not measure the total benefit of the fishery to society. Commercial 
fishermen may accept lower financial returns and more uncertain benefits to remain within their 
occupation. There may be other non-monetary values the fisherman receives, such as more 
freedom, the aesthetic setting, wildlife seen while fishing, etc. Dockside value will not 
completely capture this value.

The total benefit to consumers of mullet is greater than a dockside price. Total benefits 
include the dockside price, any value added, and the willingness o f some consumers to pay more 
than the market price. Value added is any processing or preparation o f the fish for consumption 
as bait, food, or roe. Some consumers would be willing to pay more for mullet than the market 
price because they derive more satisfaction from its consumption. The total benefits to the 
Louisiana economy would include all these items.

3.3 Recreational Fishery

3.3.1 Description o f Recreational Activities

Striped mullet are not a highly targeted species for sports fishermen because there is an 
abundance of more desirable sport fish in Louisiana's coastal waters and mullet are not a species 
which can be readily taken by hook due to their feeding habits. As documented by the 1984 
Louisiana Department of Wildlife and Fisheries creel census (Adkins e t al. 1990) only a limited 
number of mullet were taken, and then only incidentally. Striped mullet during the 1984 creel 
survey amounted to less than 1% o f the total catch (Adkins e t al. 1990).

Striped mullet are often caught by coastal inhabitants, usually by cast net, the preferred 
method o f capture by recreational fishermen. These fish are taken to provide live, especially 
juveniles, or cut bait to fish for a variety of species in near shore and offshore waters; whereas
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larger fish may be consumed as fillets or smoked. Mullet are also taken to provide bait for 
r-:u'Cc>i:oj«al crab traps. Another method of cupiuie is to throw a treble huoh into a t.chocl vf 
mullet in hopes of snagging a fish when the hook is retrieved. Many local youngsters historically 
fished for mullet from docks, piers, or roadside. They were successful in catching mullet by 
using a long-shanked small hook onto which was pressed a piece of bread, not unlike a dough- 
ball. Many hours o f entertainment was provided by this "fishery".

3 .3 .2  T re n d s  in R ecrea tio n a l E ffo r t  a n d  H a rv es t

Data on striped mullet recreational effort and harvest at this time are not adequate to 
establish trends. However, it would seem logical that the majority o f mullet taken recreationally 
as a target species are caught during the spawning season, October-February, when mullet are 
aggregated. Harvest of young-of-the-year "finger" mullet are probably distributed over the last 
half of the year, when mullet are available in sizes appropriate for use as bait. Saltwater 
recreational fishing effort is also higher at this time of the year than during January through April, 
so that harvest of larger mullet for bait may also increase with overall fishing effort.

3 3 3 E conom ics o f  th e  R ecrea tio n a l S triped  M u lle t F ishery

Recreational fishing is a highly diverse activity and has economic value. Participants are 
seeking a recreational experience and are willing to pay more for this activity than it actually costs. 
Households actually "produce" recreational trips by allocating their time, buying market services, 
and combining these with publicly provided natural resources (McConnell and Strand, 1994). The 
value o f recreational fishing is variable across individuals and trips. It will depend on many 
conditions—the quality o f fishing, the weather, the skill o f the angler, etc.

There are two kinds o f economic value for recreational fishing. One is the access value to 
a resource. Access pertains both to the overall opportunity for fishing and to the opportunity for 
fishing in specific locations. The value of access is what anglers would pay rather than do without 
or the amount they would accept in compensation for their loss o f access. The second kind of 
economic value is the value o f  catching an additional fish. This is the amount an angler is willing 
to pay to catch more fish, larger fish, or more desirable fish. This amount will depend on many 
things, such as the species sought, the time when fishing takes place, the mode o f fishing, the 
weather, environment, etc.

The estimation o f the value o f a recreational fishery such as striped mullet will involve the 
measure o f species specific effort and the expenses incurred. There have been several studies made 
to collect total numbers of recreational fishermen, percentage o f fishermen targeting various species, 
average number of fishing trips per year, and expenditures per trip. Data from these studies have 
been highly variable among studies, even over the same time period. Conclusions drawn from these 
studies should therefore be viewed with caution.
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Recreational fishing effort depends primarily upon the number o f fishermen and number of 
iri[ ; p . r  :n.: f  r.-i.j.L . . r b r i a  fu ui.o.; v.f t i i ^ n i T t u  ?v, t»;e
activity and the perceived benefits received from the activity. As costs rise and benefits remain the 
same, effort tends to decrease. Costs can increase through increased spending, in relation to other 
leisure activities, or as a fraction o f disposable income. Anglers can receive both tangible and 
intangible benefits from fishing activities. Tangible benefits include the number or quality o f fish 
caught. Intangible benefits can be enjoyment of the outdoors, change in routine, companionship, etc.

Fishing effort will continue as long as the economic costs are not greater than the angling 
satisfaction (or what economists call utility). Fishing net benefits (satisfaction minus costs) may 
decline due to satiation, declining catch per angler, congestion at favored locations, degradation o f 
aesthetic value of trips, or from increased fishing costs.

Direct expenditures per trip for marine recreational anglers in Louisiana were estimated at 
$53 (Kelso et a i  1992), $64 (Bertrand 1984), $75 (Kelso e t al. 1991), and $133 (Titre e t a l  1988). 
D irect expenditures include spending for automotive and boat fuel, lodging, food and drinks, ice, 
boat launch fee, bait, and other expenses directly related to the trip. In addition to trip expenditures, 
anglers purchase equipment (boats, motors, trailers, vehicles) and speciality gear. This equipment 
is used for more than one trip and even over several years. Their cost needs to be allocated over 
time. Published annual estimates of these expenses vary widely depending on what is included: $698 
(U S. Fish and Wildlife Service 1993), $824 (Kelso e t al. 1991), and $1108 (Kelso e t al. 1992).

Bertrand (1984) estimated total annual expenditures by saltwater anglers in Louisiana as
180.6 million dollars. Estimates can also be calculated from other surveys. From a 1985 survey, the 
U S. Fish and Wildlife Service (1988) estimated that state residents spent a total o f  $197 million 
dollars on saltwater fishing expenses, including equipment and trip-related expenses. Nonresident 
anglers spent an estimated $37.6 million in trip-related expenses in Louisiana. To estimate total 
nonresident expenses, nonresident data was adjusted to include equipment expenses in the same 
proportion as resident spending. This yields total saltwater expenses of $210 million. From the next 
survey in 1991, the U S. Fish and Wildlife Service (1993) estimated expenditures o f  158.8 million 
dollars by state residents on saltwater angling. I f  the ratio o f nonresident to resident expenditures 
is the same as in 1985, then the total saltwater fishing expenditures would have been $167.7 million.

Direct expenditures for the fishing trip may be less than the angler would be willing to pay 
for the whole experience. The difference between the costs o f the trip and what the angler is willing 
to pay is called consumer's surplus. This is a measure o f the value that the angler receives for 
benefits other than the fishing activity. Titre e t al. (1988) found that the average recreational user 
would be willing to pay approximately $320 to $360 annually for the right to recreate in Louisiana 
wetlands under certain conditions o f harvest, catch, and amenity situations. This $320 to $360 
represents an estimate of the consumer's surplus and when added to direct expenditures, provides 
a total economic value for an angler's trip.

Mullet are seldom targeted by Louisiana recreational anglers as a food or sport fish. 
Estimates o f mullet harvest by anglers in the state are highly variable, and the size frequency o f the
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harvest indicates that at least some o f the harvest is intended as bait. Though there is little directed 
recreational iLhay, nrullei du h c .\c  value lc dshvvmeii as bait ibr a v.ice range
of species which are targeted by these fishermen.

Mullet are a relatively hardy species, easy to maintain in a live condition on board a vessel, 
so are often used as live bait. Many recreational fishermen capture mullet, rather than purchasing 
them from retail tackle and bait shops. An estimate o f the value o f mullet to these fishermen can be 
estimated by the cost o f alternative baits, such as live shrimp or Gulf killifish ("cocahoe minnow"). 
The price o f bait in a live condition on the Louisiana coast presently is approximately $2.00 per 
dozen.

Mullet are also sold as gutted or cut frozen fish for use as cut bait or whole bait for crab traps, 
or as chum for some types of angling. In this condition, sale price to the fishermen typically is in the 
$2.00 to $6.00 per dozen range. No data on statewide sales are available for this resource, but it 
probably is only a small fraction o f the statewide total harvest. At least some o f the mullet utilized 
in this market are imported from other states and do not come from the Louisiana fishery.

Data on retail bait mullet sales are not available. Estimates o f numbers o f mullet harvested 
by recreational fishermen are available from the Marine Recreational Fishery Statistics Survey 
(MRFSS), but disposition o f these fish, whether they are used as bait or directly consumed, is not 
determined. Without these values, complete estimation of the value o f the species to the recreational 
fisher is presently indeterminate.
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Table 3.1. Example price matrix for Louisiana roe mullet, based on roe percentage o f body 
v.iivi*. ssvjghi. i:\ _ase. u;e ix rvcmage of roe u-:d j  ou

procedure below; count is the number of whole fish in a 100 pound sample. For instance, "50 
c t." fish are 50 fish per 100 pound box, or two pounds each on the average. If "50 c t." fish yield 
16% roe from the procedure below, the price would be $1.30 per pound for the whole (round) 
fish.

Sample Roe Mullet Price Chart 
(All fish yielding 2-4 ounce red roe)

P c t \ c o u n t 50  c t 60  c t 70  c t 80  c t 90 c t 100 c t > 100 c t

12% $ 1 .1 0 $ 0 .9 5 $ 0 .8 0 $ 0 .6 5 $ 0 .5 0 $ 0 .3 5 *

13% $ 1 .1 5 $ 1 .0 0 $ 0 .8 5 $ 0 .7 0 $ 0 .5 5 $ 0 .4 0 *

14% $ 1 .2 0 $ 1 .0 5 $ 0 .9 0 $ 0 .7 5 $ 0 .6 0 $ 0 .4 5 *

15% $ 1 .2 5 $ 1 .1 0 $ 0 .9 5 $ 0 .8 0 $ 0 .6 5 $ 0 .5 0 *

16% $ 1 .3 0 $ 1 .1 5 $ 1 .0 0 $ 0 .8 5 $ 0 .7 0 $ 0 .5 5 *

17% $ 1 .3 5 $ 1 .2 0 $ 1 .0 5 $ 0 .9 0 $ 0 .7 5 $ 0 .6 0 *

18% $ 1 .4 0 $ 1 .2 5 $ 1 .1 0 $ 0 .9 5 $ 0 .8 0 $ 0 .6 5 *

19% $ 1 .4 5 $ 1 .3 0 $ 1 .1 5 $ 1 .0 0 $ 0 .8 5 $ 0 .7 0 *

20% $ 1 .5 0 $ 1 .3 5 $ 1 .2 0 $ 1 .0 5 $ 0 .9 0 $ 0 .7 5 *

No market price for fish this small

Sampling Procedure for Estimating Percent Roe:

1) From a 100 pound sample of fish, count and record the number of fish in the sample.
2) Remove all "red roe" and "white roe" from the fish. Sort the carcasses by sex.
3) Weigh male fish and gonads together.
4) Select female fish, as nearly as possible the same size and number as the removed males, 
from fish not included in the original sample.
5) Remove the roe from these fish, and add the roe and carcasses to the original female 
sample.
6) Weigh all o f the female roe in the adjusted sample.

The resulting weight equals the percentage o f "red roe" found in all o f the female fish in the full 
lot being sold.

If  purchased, male fish are typically purchased at a greatly reduced price, based on the 
percentages obtained in step 3 above. Otherwise, the price is adjusted by the percentage of males, 
with no value being given these fish.
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Table 3.2. Relationships between price and landings for Louisiana mullet. Prices are deflated 
to 1 >94 dollars. Landings by gear and svason (roe and non-rue;, aud inorunly total landings are 
regressed against dockside price. Estimation function is:

Price (in 1994 dollars) =  Intercept +  Slope * Landings.

Landings
Type

Intercept
($/Ib)

Intercept 
St. Err. 
($/lb)

Slope
($/lb*106)

Adjusted
r2

Regression for 1986-94

Total landings 0.2969 0.017 + 0 .112" 0.13

degression for 1986-89

Gill Net 0.2361 0.031 + 0 .561" 0.55

Haul/Purse
seine

0.2005 0.064 +0.508 (n.s.) 0.04

Trammel 0.2644 0.128 +41.767 (n.s.) 0.15

Trawl 0.3049 0.041 +9.105 (n.s.) 0.00

Roe Season 0.5578 0.050 +0.243* 0.16

Non-roe 0.1781 0.011 -0.284 (n.s.) 0.02

degression for 1990-94

Roe Season 0.6661 0.074 +0.034 (n.s.) 0.02

Non-roe 0.3439 0.028 -0.156 (n.s.) 0.02

'slope significant at p =0.05 level 
"slope significant at p = 0.01 level
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OF STRIPED MULLET FROM LOUISIANA
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Figure 3.1. Seasonal harvest and prices for striped mullet landed in Louisiana. "Roe" season 
landings are from October through December, "non-roe includes January through September.
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ANNUAL LOUISIANA LANDINGS
STRIPED MULLET 1991-1994

SOURCE(NMF8)
Striped Mullet

F igure  3.6. Annual landings o f striped mullet in Louisiana, 1991-1994. Source: NMFS 
annual landings statistics summary.

43



ito
l 

Lo
nd

in
gs

 a
nd

 P
ric

e 
of

 S
tri

pe
d 

M
ul

le
t f

ro
m

373

O
Co

s5u[puD") X|4)uOM

I8
§ .q8q*

1

d d d d o d d d d d

-><zo»v 
->< z  <n m

- 1  <  Z  <71CN 

-i < z  ai •-

—> <  Z  a )  iti

-xzer'
-i -< z  co to

-i<z<oin

-><ZCO'» 

-»<zcon 

-i<Z«ON 

“) < z  co ̂  

->< Z  co a  

-xzr' ai 
-> < Z h < 8 3

I

93Vld »p[6)|5O 0 a6o>8Ay

44

F
ig

ur
e 

3.
7.

 
L

an
di

ng
s 

(d
as

he
d 

lin
e)

 a
nd

 a
ve

ra
ge

 m
on

th
ly

 p
ri

ce
 p

er
 p

ou
nd

 (
so

lid
 l

in
e)

. 
Pr

ic
es

 a
dj

us
te

r 
va

lu
e 

in
 1

99
4 

do
lla

rs
 u

si
ng

 C
PI

 in
de

x.



4.0 RESEARCH NEEDS

4.1 Fishery-independent Data

There is some information to suggest that growth rates and sizes o f mullet available to the 
fishery differ in various parts of the State. Identification of these variations could allow 
establishment of local regulations which could increase yield in the fishery and help distribute 
output from the fishery geographically. In other areas o f the Gulf Coast, harvest of mullet outside 
o f  the roe season has utilized significantly smaller mesh nets. Since the species is abundant 
throughout the Gulf, if significant movement of juvenile and adult mullet is present, these fisheries 
could affect the availability of striped mullet to Louisiana fishermen.

Estimation of migration rates of juveniles and adults through tagging or other means would 
assist in estimating the independence o f yield between fisheries with differing regulations. 
Theoretical or field studies analyzing larval drift could help to delineate regional recruitment 
effects for the species.

4.2 Fishery-dependent Data

4.2.1 Biological

The existing Louisiana fishery is predominantly a fishery for roe mullet during the fail of 
the year. This fishery predominantly uses a gill net of 3% - 4 inch mesh. The mullet at this time 
of year has a larger girth than at other times of the year. There is an increasing fishery using SYz 
to 3% inch mesh gill nets outside the roe season. The ages harvested by this fishery are not 
known at this time. Evaluation of the age distribution of this fishery will be necessary before the 
impact o f this fishery on the roe season fishery could be quantified. A consistent fishery- 
dependent monitoring program collecting information on gears, ages, and sexes harvested would 
allow much more quantitative information on allowable harvest.

4.2.2. Social and Economic

Social and economic information is needed on participants of the mullet fishery. 
Information on other fisheries that these mullet fishers participate in, processing and marketing 
costs, investment, operating, and harvesting costs, could help identify the health o f the industry 
and impacts of regulatory changes on participants in the mullet fisheries.
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DRAFT

STRIPED MIJT.T.ET
SUMMARY OF CHANGES FROM 1996 ASSESS

This summary is intended to provide a quick reference o f substantive changes in methods 
or corrections in this year's assessment from  the 1996 assesment conducted for striped mullet.

Section 5.2 N atural M ortality

• The function o f  Alagaraja (1984) to estimate M l%  and MO.1% were not included in the 
1996 document. Those functions are included in this report.

Section 5.3 D isappearance Rates and  F ishing M ortality

• The greatest difference in this year's assessment is the incorporation o f  an age-length key 
to age fish rather than the use o f  a  growth equation. Using the age-length key should 
reduce the misassignment o f  ages to  fish o f a given length.

• Selectivities were recalculated due to the change in catch-at-age from the use o f  the age- 
length key.

• Selectivities and disappearance rates were based on lengths from female fish sampled 
from the fishery. Male fish were excluded from the analysis. In last year's analysis, sex 
information was not available, and all fish were aged using the female growth equation.



5.0 STOCK ASSESSMENT '

This assessment uses yield per recruit (YPR), spawning potential ratio (SPR) and catch curve 

analyses to estimate the impact o f  current fishing pressure on the potential yield and the spawning 

potential of the Louisiana striped mullet stock. Estimates o f YPR and SPR are based on knowledge 

o f  the growth o f the fish, and on estimates o f  the natural mortality rate (M) and fishing pressure (F) 

on the stock. Catch curve analysis is used to estimate the disappearance rates (Z1) from the fishery. 

The spawning biomass of females is assumed to be the factor limiting the spawning potential o f  the 

stock. Therefore, this analysis uses growth rates for female mullet, and considers the effects o f 

fishing on the female portion o f  the stock. The results o f this type o f assessment provide a 

generalized approach for estimating the impact o f  fishing on the spawning potential and the potential 

yield o f the fish stock. As with any assessment, the results are subject to the limitation o f  the data 

from  which they are derived. The present analysis should be used only as guidance until more 

comprehensive analyses, using additional data collected consistently over an extended time span, 

can be conducted.

The definition o f the unit stock must be considered in the development o f  a  stock assessment. 

While a unit stock is often defined as that portion o f  the population which is genetically similar, for 

cur purpose in this stock assessment, the most applicable definition seems to be one which considers 

the unit stock as that portion o f  the stock which is either dependent on Louisiana waters, or which 

is available to Louisiana fishermen. We recognize that the geographic distribution implicit in this 

definition o f unit stock is likely to be different from the genetically based definition, given the wide 

geographic distribution and offshore spawning grounds o f  the species (Mapes e t  a l  1997). Since 

the stock may be available to fisheries in  other G ulf states, mortality rates in those areas have the 

potential to affect Louisiana's fishery, ju s t as Louisiana mortality rates may have the potential to 

affect fisheries in other areas. This is most critical for stocks which have fishing mortalities near the 

upper limits o f the stock's ability to maintain itself. For lightly fished stocks, such regional
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relationships may often be discounted. We chose to use this definition because it provides the best 

picture o f  the Louisiana fishery, and we do not have information with which to quantitatively define 

fishing mortality on a  regional basis. Information from tagging studies along the west coast o f 

Florida (Mahmoudi, 1991) indicate that once recruited to an estuary, mullet have a  strong tendency 

to return to that estuary after spawning offshore. I f  this tendency is also expressed in Louisiana, then 

fishing mortality rates in one area o f  the state would only affect the abundance o f  the adult 

population in that area, and not in other areas, unless fishing mortality rates over the entire spawning 

pool were high enough to affect recruitment on  a  wide scale.

Estimates o f fishing mortality are derived with the knowledge that the existing fishery is not 

evenly distributed over the entire state, but concentrated in the Southeastern region, and mainly east 

o f the Mississippi River (over 80% o f the harvest is typically from that region). The assessment is 

conducted for that portion o f  the fishery east o f  the Mississippi River determined to have the highest 

fishing mortality rates (the greatest impact on the stock),' and for which data is available. The 

analysis must assume that either the distribution o f  the fishery does not change, or that all fish in the 

State are equally available to the fishery for predictive yield calculations to be reasonably accurate. 

W ithout knowledge o f  movement o f  adult mullet over the entire year, it is difficult to infer how 

much o f  the population is actually exposed to the fishery. Only that portion exposed to the fishery 

is described here.

For purposes o f  this assessment, we did not consider the effects o f  recreational harvest on 

the stock. The best information available at this time indicates that recreational harvest is relatively 

light, typically less than 200,000 pounds or fish per year (National Marine Fisheries Service, Marine 

Recreational Fishing Statistics Survey, 1981-1995). Based on the sparse length frequency 

distribution o f  surveyed fish, most o f  the recreational harvest is at a size prior to entry into the 

commercial fishery. The available data suggest that inclusion o f recreational harvest data would not 

have any appreciable effect on the analyses w e used (Table 1).
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5.1. Growth and Fecundity

Thompson ( e t a l  1991) described growth o f  striped mullet from Louisiana waters. They 

found significant differences in growth rates between sexes o f  mullet, and in growth rates from 

different parts of the state. For this assessment, a von Bertalanffy growth equation was developed 

from aged samples o f female striped mullet from East o f  the Mississippi River provided by 

Thompson (pers. comm.). Growth rates from this area were used since this area o f  the state provides 

the majority o f  the harvest. We reanalyzed these data, combining them with juveniles assigned to 

age 0 by length frequency analysis from LDW F fishery-independent seine samples (Burdon e t a l  

1997, figure 2.1). These data were used to estimate a three-parameter von Bertalanffy growth 

equation:

L,= L_*(l-e<*'-V)

where Lt is the length at age (t) in years, L_ is the maximum length, k is a parameter describing the 

rate o f growth, and tg is the intercept o f  the function on the time axis. The function was estimated 

using nonlinear approximation procedure (SAS, 1987). The parameters derived from this method 

were: L„=453.9, k=0.332, ^=-0.05. These parameters were used in some methods o f  estimating 

natural mortality.

Fishery-dependent samples were assigned ages through use o f an age-length key devleoped 

from otolith aging o f  fish by Thompson (unpublished data) and LDWF’s ongoing aging study. 

Sixteen hundred and sixty-three aged female fish were used in the development o f the age-length key 

(Table 2).
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Fecundity is estimated from the length/fecundity relationship o f Thompson e t  al. (1991)

where:

Fecundity=5.6xlO*3(FL)3lg

5.2 Natural Mortality

Natural mortality estimates are very important in production estimates o f  the fishery, as well 

as other stock assessment techniques. A relatively small change in the estimate o f  natural mortality 

w ill produce significant changes in the results o f any assessment where fishing mortality rates 

approximate natural mortality. Natural mortality rates are usually estimated independently o f  the 

assessment and assumed to remain constant throughout the life o f the fish. Several investigators 

have attempted to provide functions to allow estimation o f natural mortality rates in the absence o f 

information on the stock in question. This is necessary since direct estimations o f  natural mortality 

rates are not often possible.

Pauly (1980) provides a method o f  estimating natural mortality from a set o f  parameters 

including the growth function o f  the fish (k and L_ described above), and the average water 

temperature o f  the environment. Mean annual temperature was derived from the annual mean 

temperature from a set o f  four constant recorder instruments located throughout the Barataria Bay 

system from 1/1/89 to 1/1/92. This was reported as 22.7°C (pers. comm., M. Kasprzak, 4/13/92). 

These values were incorporated into the length-based function o f Pauly (1980):

log,oM =-0.0066 - 0.2791og]0L_ + 0.6543Iogi0K + 0.46341og10Temp.

Pauly recommends that estimates for schooling fishes be multiplied by 0.8, and estimates for clupeid 

fishes be multiplied by 0.6, to account for reduced natural mortality rates that may result from
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schooling behavior. The factor for clupeid fishes was used as well as the factor for schooling fishes, 

to provide an additional estimate o f  M that would be more conservative than for schooling fish in 

general.

Use o f Louisiana data on growth and water temperature applied to Pauly's function results 

in estimates o f  natural mortality o f  M=0.56 using the 0.8 correction factor, and M=0.42 using the

0.6 factor. In Taiwan, mullet were found to have slightly different growth parameters than we 

estimate for Louisiana mullet, and average water temperature was reported as 20° Celsius (Ih- Hsiu 

1970, cited in Pauly 1980). However, application o f Pauly's function to the Taiwan data results in 

a nearly identical estimate (M=0.57 for the 0.8 correction).

Hoenig (1983) and Alagaraja (1984) (both cited in Sparre and Venema, 1992) provided 

functions for estimation o f M based on longevity o f the species, expressed as the mean age o f  the 

oldest specimens (Tm) with the assumption that M=Z. These functions measure total mortality (Z) 

rather than M, but the two are equivalent in the absence o f fishing. Longevity is difficult to 

determine for exploited fish stocks, since age distribution is typically truncated by fishing, but this 

method may provide some provisional estimates o f natural mortality, i f  the truncation o f  ages is 

estimated. However, migration or other factors may also influence this estimation. Hoenig's (1983) 

function is:
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In Z ^  1.46 - 1.01 * In Tm

The functions described by Alagaraja are:

M 1 %=-ln(0.01 )Tm 

M 0.1 %=-ln(0.00 l)Tm

where M l%  and M0.1% are the natural mortality rates corresponding to 99% and 99.9% mortality. 

No mullet over 9.1 years o f age were found by Thompson e t a l  (1991) in Louisiana waters. Mullet
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over 8 years old were found in both fishery-dependent samples from the eastern part o f  the state, and 

from fishery-independent samples from both the eastern and western portions o f  the state (no 

fishery-dependent samples were available from the western part o f the state). I f  fishing has reduced 

the age structure, even in western Louisiana where little fishery existed, and a maximum age o f  10 

years is estimated in the absence o f  fishing for Louisiana mullet, Hoenig’s formula provides an 

estimate o f  M=0.42. I f  it is assumed that 99% or 99.9% o f  the fish die by age 10 then the 

corresponding natural mortality rates for Alagaraga's (1984) estimates o f  M l%  and M0.1% would 

be 0.46 and 0.69, respectively.

Sparre and Venema (1992) cite Beverton and Holt (1959) as reporting M values to be 

generally in the range of 1.5 to 2.5 times the value o f the von Bertalanffy growth parameter K. This 

parameter is estimated as 0.332 for Eastern Louisiana female striped mullet, providing an estimated 

range o f M  o f  0.5-0.83.

Two estimates o f  natural mortality (M) are available for striped mullet in the existing 

literature. Pauly (1980) cites Ih-Hsiu (1970) as reporting an M o f 0.31 for male striped mullet from 

Taiwan. Mahmoudi (1991) estimated M as 0.30 using tagging data from southwest Florida.

Some investigators (Restrepo e t al. 1991, Helser e t a l  1992) have attempted to use a range 

o f  estimates o f  M  and incorporate variation within this range as a variable in their analyses o f  other 

fish species. However, the selection o f  the range to be used, and the distribution o f  M  estimates 

within that range remains arbitrary. We have chosen, rather, to select several point estimates o f  M, 

and to present the results o f  changes in the estimate. We have presented estimates based on M 

values o f 0.3, 0 .4 ,0 .5 , and 0.6. This provides a feeling for the differences resulting from various 

estimates o f  M, without implying any additional precision.
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In this report, an M o f  0.3 is the most conservative estimate o f  natural mortality. This 

estimate may be low, based on the lack o f  mullet older than 10 years in the Western part o f 

Louisiana, though there was no established mullet fishery in that area when the samples were taken. 

Using a low value o f  M results in higher estimates o f  F in the analysis. I f  the actual value is above 

estimates used here, estimates o f  fishing mortality from catch curve analysis will be lower that 

estimated. Additionally estimates o f spawning potential ratio at any level o f  fishing mortality would 

also be increased, and potential yield will be higher than estimated with that value. A  low estimate 

o f  M would also increase the harvest age structure required to maximize yield, which could influence 

proposed size or gear regulations.

5.3 Disappearance Rates and Fishing Mortality

It must be recognized that any estimate o f  disappearance (Z1) from the fishery includes both 

the total mortality while the fish is exposed to the fishery, and the availability o f the fish to the gear. 

Availability as used here includes both changes in distribution or behavior o f the fish that might 

change effectiveness o f the fishery (e.g. migration, food preference, etc.), and size or other selectivity 

o f  the gear or fishery. The predominant gear in the Louisiana mullet fishery at the present time is 

a  314 -4 inch stretch gill net, though some larger mesh sizes are occasionally used (see Mapes e t  a l ,  

1997). Gill nets are size selective for mullet, therefore estimates o f  disappearance likely reflect 

fishing mortality confounded by some degree o f  gear selectivity. For the present analysis, no 

estimation o f  gear selectivity or availability to capture was available for fish past full recruitment. 

Selectivity o f  younger fish is estimated from the method presented in Sparre and Venema (1992), 

using a linearized catch curve to determine the selectivity of fish not fully recruited to the fishery. 

The ratio o f  the observed catches to the expected catches at each age is the relative probability o f 

capture or selectivity o f  the fishery. Selectivities for ages up to full age-at-recmitment were used
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to describe the relative fishing mortality to that point; for ages at or above full recruitment, 

selectivity's are assumed to be 1, or 100% selected.

Length frequency data from the 1994 and 1995 mullet fishery East o f the M ississippi River, 

derived from Trip Intercept Program (TIP) sampling (LDWF unpubl. data) were aged, using an 

age-length key (Table 2). The age frequency distributions in 1995, having the largest sample size 

(1,425 measured), was used to estimate relative selectivity and disappearance rates from the fishery 

(Figure 2).

The relative selectivities for each age are as follows:

Ages 

0 
1 
2
3

4

5 and over

Estimates o f  Z' were derived by regression o f the descending arm o f  the catch curve (ages 

4 and over. Fig. 3). The resulting estimate o f  Z' was approximately 1.176 on an annual basis.

These estimates o f  Z ' and relative selectivity could be confounded by variable sizes o f 

cohorts within the fishery. Variation in cohort size could skew the estimate o f Z' in either a positive 

or negative direction, depending on the distribution o f the various cohorts within the fishery. Greater 

recruitment in the older year classes would provide a lower estimate o f  Z', while if  in younger ages, 

would provide an overestimate o f the true value o f  Z. This uncertainty can only be addressed by use
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0.0

0.0002
0.0125

0.1382

0.6837

1.0
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o f  several years o f information on the fishery, and using estimates o f  Z based on specific cohorts 

rather than using annual estimates, that run across several cohorts.

Based on the estimated Z' values (Z -1.176), if  Z' is composed only o f  F and M (no 

availability component), and the estimate o f  0.3 used for M, the estimate o f  fishing mortality (F) is 

approximately 0.876. I f  the lowest estimate for M (M-0.3) is used, the resulting value o f  F is 

maximized. For each incremental increase in the value of M, the value o f  F is decreased the same 

amount. Therefore, i f  we use F=0.876, fishing mortality rates are maximized. This estimate o f F 

minimizes the potential for underestimation o f  F, minimizes the potential benefits from increased 

fishing pressure, and maximizes the estimated impact o f existing fishing pressure on the stock.

5.4 Yield per Recruit

Yield per recruit (YPR) analysis provides basic information about the dynamics o f  a fish 

stock by estimating the impact o f  mortality rates on yield and spawning potential o f  the stock. The 

results can be examined as to the sensitivity o f natural and fishing mortality rates on yield and 

spawning potential. The present yield per recruit (YPR) analysis is based on several assumptions. 

A fish is assumed to consistently recruit to any given fishery at a given age; that is, selectivity by 

age does not change over time. Partial recruitment o f fish is estimated from the relative abundance 

o f  age 2 through 4 fish in the TIP samples compared to age 5 fish, which are fully recruited. Once 

the fish are fully recruited to the fishery, fishing pressure is at a constant rate. The present YPR 

analysis does not take into account any variation in growth rate or other factors which may affect the 

results. Use o f  YPR analysis requires: ~ 1

1) information on natural and fishing mortality rates,

2) knowledge o f  the growth parameters o f the fish.

9
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Methods used for estimation o f  natural mortality (M) and fishing mortality (F) rates in this 

analysis are presented in Sections 5.2 and 5.3 above. The existing mullet fishery is primarily based 

East o f  the Mississippi River, and harvest mainly targets female fish (Thompson, 1989). Therefore, 

we have used the growth parameters for female mullet from that area to calculate yield per recruit.

5.5 Conservation Standard

Conservation standards are based on one o f  a number o f biological measures o f  the dynamics 

o f  fish stocks, that are intended to protect the viability o f that stock for future generations. These 

standards have historically been based on different measures o f  the dynamics o f  fish stocks, 

depending on the data available, the needs o f  fishery and o f the resource. Conservation standards 

should be separated into two types: a  conservation threshold which is entirely biologically based, 

and a conservation target which considers biological measures modified by relevant social, 

economic, and ecological factors.

Conservation “thresholds” are intended to provide a  biological baseline for harvest o f  a  fish 

stock based on stock recruit relationships, or other biological parameters specific to the stock, i f  

possible. This baseline standard, below which the stock should not be allowed to go, has been 

described as a “threshold” by some researchers, and has also been referred to as an “overfishing 

level” (GMFMC 1995). Beyond this “threshold”, management “targets” may be set, which provide 

for other management goals in the fishery. Such goals may be in terms o f yield in weight, yield in . 

numbers offish, catch rate per effort, harvest rate per effort, employment, profit, or some other goal. 

These targets must be set at a fishing rate below the “threshold” in order to ensure that the biological 

integrity o f  the stock is not unduly compromised by fishing.
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Recently, use o f a stock measure, spawning stock biomass per recruit (SSBR) or spawning 

potential ratio (SPR) has become widely used. This measure compares the estimated female 

spawning biomass o f  the stock that survive fishing with the estimated biomass o f  the stock under 

unfished conditions. The analysis does not take into account any density-dependent relationships 

due to the changes in the size o f the fished stock. Using the Spawning Potential Ratio (SPR) concept 

as developed by Gabriel e t a l  (1984) and refined by Goodyear (1991), a “threshold” value can be 

defined that provides a minimum spawning stock biomass (or egg production) per recruit, below 

which existing data cannot evaluate impacts to future recruitment, and below which the fishery 

should not be allowed to operate.

Ideally, “threshold” levels should be evaluated from information on the stock in question. 

However, the information base necessary to adequately describe this level is often not available. In 

such cases, it has been recommended by Goodyear (1989) that a spawning stock biomass per recruit 

(SSBR) or SPR o f 20% be used as a “threshold” in absence o f sufficient evidence to provide a 

standard specific to the stock in question. This standard is also based on work on N orth Atlantic 

groundfisheries (Gabriel e t a l  1984, Gabriel, 1985). A SSBR o f 35% has been recommended for 

Spanish mackerel, and 20% for king mackerel (GMFMC 1990,1995). A SSBR of 8-13% has been 

demonstrated to be sufficient for G ulf menhaden (Vaughan 1987). In prior analyses o f the Louisiana 

spotted seatrout fisheries (LDWF 1991), we recommended an SPR o f 15% after analysis o f  several 

years o f  available data. Mace and Sissenwine (1993) examined 90 stocks o f  27 species, and 

recommended that 30% SPR be maintained when there is on other basis for estimating the 

replacement level. That level is sufficient for 80% o f  the stocks considered by those authors. They 

also noted that 30% may be overly conservative for an "average" stock. The average replacement 

% SPR for the stocks they considered was 18.7% while the most resilient quarter o f  the stocks 

considered required a maximum Frq, o f  8.6% SPR. Three-quarters o f the stocks required a 

maximum Frep o f  27.1% SPR. In the prior assessment o f striped mullet (Shepard et al., 1992), a
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SPR o f 20% was recommended as the conservation standard for the Louisiana fishery. This standard 

was considered, rather than 30% SPR, due to several factors: the fishery is mainly prosecuted on 

the stocks o f  mullet east o f the Mississippi River, and the estimate o f  SPR is based on only the fished 

stocks. The relatively unfished stocks to the west o f the Mississippi River are only minimally 

considered in the assessment, with the result that the SPR ratios are underestimated.

Sufficient information is not available to directly estimate a conservation threshold for striped 

mullet in Louisiana. However, the conservation target o f 30% SPR established by Act 1316 o f  the 

1995 Regular Session of the Louisiana Legislature for black drum sheepshead, southern flounder and 

striped mullet appear to be adequate to  maintain the striped mullet stock and prevent recruitment 

overfishing

The use o f  any measure o f  health o f  a  fish stock as a perfect index is arguable. Intuitively 

it seems more logical that growth overfishing would occur at a much lower fishing rate than would 

threaten recruitment. However, M ace and Sissenwine (1993) provide information to suggest that 

some stocks may have reduced levels o f  recruitment at levels of fishing that would not reduce yield 

per recruit. The preferable position for making recommendations on appropriate levels o f  fishing for 

a  stock is to base those recommendations on actual measures of spawning stock and recruitment for 

that species, in the same fishery. This requires a base o f  information on that fishery that requires 

monitoring o f  both the stock and the fishery over a  variety o f conditions. W ithout this information, 

inappropriate conservation standards may either underestimate or overestimate the potential o f  the 

fishery. If  the potential is underestimated, the society loses the economic and social benefits o f  the 

harvest If  the potential is overestimated, the society also loses the benefits o f  a  sustainable fishery, 

which must at least go through some period o f  rebuilding, when effort must be reduced from the 

non-sustainable levels (Hilbom and Walters, 1993). Some researchers have speculated that 

over-harvest o f  some stocks may lead to their replacement in the ecosystem by other, often less 

preferred stocks. The frequency o f  such an occurrence is unknown, and the cause o f  shifts in species
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dominance in an ecosystem may be difficult to ascertain, even after the fact. Such a shift does seem 

to have occurred over time in the Grand Banks area, where prolonged, intense harvest o f  cod and 

haddock have been implicated in gradual increases in skate and spiny dogfish populations (CUD - 

NEFSC 1993).

5.6 Status o f  the Stock

The trends in harvest for striped mullet in the Louisiana fishery have been reviewed by 

Mapes e t a l  (1997). The harvest increased significantly in the late 1980's and early 1990's, as the 

fishery developed. Recent harvest figures indicate that the harvest rates may be approaching an 

asymptote (Figure 1), though the dynamics controlling total harvest are complex, and may be 

controlled by many factors.

Annual recruitment o f  mullet has been evaluated from fishery-independent seine and 

experimental gill net samples taken statewide since 1986. Catch/effort information are compiled for 

January through April o f each year, and the abundance is measured as ln(catch/effort)+1, for each 

station/month/year. Seine catches o f  fish larger than young-of-the-year are deleted from abundance 

estimates. Gill net data from 2", 2.5", and 3" (5.08,6.35, and 7.62 cm.) stretch mesh panels are used 

as these provide information on abundance prior to harvest by legal saltwater commercial gears (gill 

and trammel nets, and saltwater seines) during the time period considered. These data are 

summarized in Figures 5 and 6.

Significant annual variation was found in the seine data (Table 3). Seine data indicate 

relatively strong recruitment indices in 1986, 1987, 1988 and 1996, and relatively weak indices in 

1989, 1991, and 1995 (Figure 5). However, only 1986 and 1996 are significantly higher than most 

other years, according to Duncan’s Multiple Range Test using a General Linear Model procedure 

(Table 4) (SAS, 1987). Considering variation due to variation between months and geographic
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zones (seven considered) within the state, the YEAR variable remained significant a t the p=0.Ql 

level (Table 3). No temporal trend is evident in these data (Figure 5).

We developed a series o f estimates representing the effect on yield per recruit (YPR) and 

spawning potential ratio (SPR) o f  various fishing and natural mortality rates under existing relative 

fishing rates by age (Figure 4). Estimates were based on the length/age and length/fecundity 

functions described in Section 5.1 above.

In all o f  these analyses, assumptions listed in prior sections of this section have a  strong 

influence in the results. If  M is actually within or above the upper end o f the range considered here 

then increases in yield per recruit would be possible, and SPR would be above the minimum 

estimated values. Estimates presented here do not account at all for potential extension o f the fishery 

into areas o f  the state that are not now affected by the fishery. Any substantive change in geographic 

distribution o f  the fishery could substantially change the overall harvest levels.

Based on the information provided, our best estimate o f the current status o f  the stock is 

depicted in Figure 4 and Table 5, assuming the relative recruitment to the fishery is constant, as 

discussed in Section 5.4, above. On this basis, i f  M=0.3, then F=0.876, and SPR is approximately 

34%. Even with very strong increases in fishing pressure, SPR would not be driven below 20%. 

The YPR from the fishery is very near the maximum. I f  M is greater than 0.3, then SPR is above 

the level estimated for that M, and if  MN3.4, the fishery is operating around F0 I. I f  M  is actually 

higher than that level, substantial additional yield could be obtained from the fishery through higher 

fishing rates than present. However, it is important to note that expansion o f  the fishery 

geographically could also increase total yield, as more recruits would be exposed to the fishery. This 

would also change estimated stock size if  a  V PA  were developed, but would not necessarily change 

SPR or YPR.
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Table 5 provides a  summary o f  some o f  the more common benchmarks for stock 

assessments, as they apply to Louisiana striped mullet. Data for the M=0.3 to M=0.6 level are 

provided. Some o f the potential variation inherent in the present analysis is presented Table 6, which 

attempts to show the results o f  possible variation around the disappearance rate estimated from the 

fishery.

For comparison with the estimates o f F used in this analysis, the relatively intense Florida 

mullet fishery was estimated to be fishing around F=1.13 in 1988-1989, based on tagging data from 

southwestern Florida (Mahmoudi, 1992). Regulations established since that tim e, essentially 

72-hour weekend closures and a  3.0 inch minimum mesh regulation for gill nets, were projected to 

increase SPR from 15-22% estimated for the 1988-89 period to about 35% in 5 to 7 years (Leard et 

ah  1996). Considering the differences in the minimum mesh regulations, the well- developed 

geographic distribution o f the fishery in Florida, growth differences between the areas, and other 

differences, the projection o f 35% SPR for Florida, and the 34% SPR estimated in this analysis for 

M=0.3, the level used in the Florida assessment, are surprisingly close.

5.8 Research and D ata Needs

As with any analysis, the accuracy o f  the assessment is dependent on the accuracy o f  the 

information on which it is based. The present analyses, along with the biological data presented by 

Mapes e t ah (1997) identify several areas for research.

Estimates o f natural mortality used in the present assessment are derived from general 

literature sources, and show wide variation. This variation reduces the potential o f  the present 

assessment to provide a precise prediction o f  the yield potential o f the stock, and also reduces the

15



confidence level o f the present estimate o f  SPR. A  more precise estimate o f  natural mortality, based 

on Louisiana data, would assist in both o f  these problems.

Definition o f  sub-populations based on migratory patterns would help define exploitation 

rates within different areas o f  the state. This may help managers develop area-specific management 

to optimize yield from a given stock, while protecting the stock from overharvest.

Recruitment mechanisms are poorly defined for the species. Mullet are recorded to spawn 

beyond the shelf break, in the central G ulf o f Mexico. No genetically distinct stocks have been 

identified within the Gulf. However, lack o f  genetic distinctness does not necessarily mean that 

stocks are homogeneously mixed by spawning and recruitment mechanisms, only that populations 

are not so removed from each other that gene structure is identifiably different Better understanding 

o f  recruitment mechanisms, merged with measurement o f  oceanographic or other driving forces 

could help in understanding the sub-genetic distinctiveness o f mullet populations from different 

regions o f the state o f  the G ulf o f  Mexico.

Factors that influence the year-class strength o f mullet are essentially unknown. 

Investigation o f  these factors could help better define causes o f inter-annual variation in abundance, 

and perhaps also the underlying stock-recruit relationships in the species.

The relationship between wetlands losses or modifications and the continuation o f fishery 

production within the state has been discussed by many authors. However, this relationship is likely 

to be different for any o f  a suite o f  different species. Understanding o f  this relationship for mullet 

should be an ongoing priority.

In the presence o f  changing regulations, fishery-dependent information is not a reliable 

source o f  the data necessary to assess the status o f  a fish stock. However, such data is necessary to
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measure the effects o f fishing on that stock. Consistent fishery-dependent and fishery- independent 

data sources, in a comprehensive monitoring plan, are essential to understanding the status o f  fishery 

stocks, and to identifying causes o f  changes in stock abundance. Present programs should be 

assessed for adequacy with respect to their ability to evaluate stock status, and modified or enhanced 

to optimize their capabilities.

17



M ullet S tock  A ssessm en t -  D R A F T
Jan u ary  17, 1997

5.9. L ite ra tu re  Cited

Alagaraja, D. 1984. Simple methods for estimation of parameters for assessing exploited fish 
stocks. Indian J. Fish., 31:177-208

Beverton, R.J.H. and S.J. Holt, 1959. A  review o f the lifespans and mortality rates o f  fish in nature, 
and their relation to growth and other physiological characteristics. In :  G.E.W. 
Wolstenholme and M. O ’Conner, (eds.) The Lifespan o f Animals. CIBA Foundation, 
Coloquia on Ageing, Vol 5: 142-180.

Conservation and Utilization Division, Northeast Fisheries Science Center. 1993. Status o f  fishery 
resources o ff the Northeastern United States for 1993. NOAA Tech. Mem. 
NMFS-F/NEC-101. 140 pp.

GMFMC 1995. Draft Supplemental Environmental Impact Statement (SEIS): Amendment 8 to the 
Fishery Management Plan for Coastal Migratory Pelagic Resources in the G ulf o f  Mexico 
and South Atlantic. Draft o f  10/25/95, G ulf o f Mexico Fishery Management Council and 
South Atlantic Fishery Management Council. 84pp.+3 pp. appendix.

Goodyear, P. 1995. Mean size at age: an evaluation o f sampling strategies with simulated red 
grouper data. Trans. Am. Fish. Soc. 124(5):746-755.

Helser, T. and R. E. Condrey. 1992. A  Monte Carlo-based virtual population simulation for 
incorporating uncertainty into estimates o f spawning potential ratios. Ph.D. Thesis (chapter), 
LSU, Baton Rouge. 26 pp. + 3 tab., 11 fig.

Hilbom, R  and C. J. Walters 1992. Quantitative Fisheries Stock Assesment: Choice, Dynamics and 
Uncertainty. Chapman and Hall, N .Y. 570 pp.

Hoenig, J.M. 1983. Empirical use o f  longevity data to estimate mortality rates. Fish. Bull. 
81(4):898-903

Leard, R., B. Mahmoudi, H. Blanchet, H. Lazauski, K. Spiller, M. Buchanan, C. Dyer and W. 
Keithly. 1995. The striped m ullet fishery o f  the Gulf o f Mexico, United States: A  regional 
management plan. G ulf States Marine Fisheries Commission Publ. No. 33.

18



Mace, P.M. and M. P.Sissenwine. 1993. How much spawning per recruit is enough? p p . 101-118 
in: S. J. Smith, J. J. Hunt and D. Rivard (eds.) Risk Evaluation and Biological Reference 
Points for Fisheries M anagem ent Can. Spec. Publ. Fish. Aq. Sci. 120. 442pp.

Mapes, K. A , R. Bejarano, J. F. Budon and B. McManus. 1997. A biological and fisheries profile 
for striped mullet, M u g il cep h a ln s  in Louisiana. La. D ept o f  Wild!. & Fish., Office o f 
Fisheries, Fishery Management Plan Series No. 5, Part 1.

Mahmoudi, B. 1989. Population assessment o f  black mullet (M ugil cephalus) in the eastern G ulf 
ofMexico. Final Report o f  Cooperative Agreement (MARFIN) NA86-WC-H-06138. 89pp.

Mahmoudi, B. 1991. Population assessment o f  black mullet (M ugil cephalus) in the eastern Gulf 
ofMexico. Final Report o f  Cooperative Agreement (MARFIN) NA90-W C-H-MF003. 69
pp.

Mahmoudi, B. 1992. Update on black mullet stock assessment. Final report submitted to the 
Florida Marine Fisheries Commission. 58 pp.

Mapes, K., R. Bejarano J. F. Burden and L.B. Savoie. 1996. A biological and fisheries profile for 
striped mullet (M ugil cephalus) in Louisiana, La. Dept o f Wildlife and Fisheries, Office o f 
Fisheries. Fisheries Management Plan Series No. 5, Pt. 1. 83 pp.

Pauly, D. 1980. On the interrelationships between natural mortality, growth parameters, and mean 
environmental temperature in 175 fish stocks. J. Cons. int. Explor. M er 39(2): 175- 192.

Restrepo, V. R., J. E. Powers, and S. C. Turner. 1991. Incorporating uncertainty in VPA results via 
simulation. ICCAT Coll. Vol. Sci. Pap. 35(2)355-361.

SAS, 1987. SAS/STAT guide for personal computers, Version 6 edition. SAS Inst., Cary, N.C.
1028 pp.

Shepard, J.A., H. Blanchet, D. Johns and K. Mapes. 1992. A stock assessment and management 
plan for Louisiana striped mullet (M u g il cephalus). Ch. 4-8 in: A fisheries management plan 
for Louisiana striped mullet, (M u g il cephalus). 74 pp.

Sparre, P. and S.C. Venema. 1992. Introduction to Tropical Fish Stock Assessment, Part 1 - 
Manual. FAO Fish. Tech. Pap. 306/1, Revision 1. 376 pp.

M ullet S tock  A ssessm en t - D R A F T
Jan u ary  17, 1997

Thompson, B. A., J. H. Render and R. L. Allen. 1989. Life history and population dynamics o f



Board o f  Regents’ Rockefeller Fund Interest Earnings Grant Program. Coastal Fisheries 
Institute. LSU-CFI-89-01. 80 pp.

Thompson, B. A., J. H. Render, R. L. Allen and D.L. Nieland. 1991. Fisheries independent 
characterization o f  population dynamics and life history o f  striped mullet in Louisiana. Final 
Report, MARTIN project NA90AA-H-MF-113. 92 pp.

Tung, Ih-Hsiu. 1970. Studies on the fishery biology of the grey mullet, M u g il cep h a lu s  Linnaeus, 
in Taiwan, pp. 497-504 in: J.C. M art (ed.) The Kuroshio: a symposium on the Japan current. 
East-West Center Press, Honolulu. 614 pp.

M ulle t S tock  A ssessm en t -  D R A F T
Jan u ary  1 7 ,1 9 9 7

20



M ulle t S tock  A ssessm en t -  D R A F T
January  17, 1997

Table 1. Annual commercial and recreational harvest of mullet from Louisiana waters, 
expressed in pounds. Commercial harvest values from dealer landings reports, 
recreational harvest from NMFS MRFSS estimates o f fish landed plus those discarded 
dead.

Commercial Recreational Total Harvest
Year Harvest (lbs.) Harvest (lbs.) (lbs.) %Commercial

81 3,051,461 564 3,052,025 99 .98%
82 1,533,452 16,546 1,549,998 98 .93%
83 1,886,654 0 1,886,654 100 .00%
84 3,157,215 2,793 3,160,008 99 .91%
85 579 ,297 7,505 586,802 98 .72%
86 2,277 ,713 52,921 2 ,330,634 97 .73%
87 1,439,425 0 1,439,425 100 .00%
88 2,367 ,106 105,878 2 ,472,984 95 .72%
89 2,413 ,768 75,287 2,489 ,055 96 .98%
90 2 ,645 ,927 296,113 2 ,942,040 89 .94%
91 3,563 ,137 26,303 3 ,589,440 99 .27%
92 6,214 ,532 121,274 6 ,335,806 98 .09%
93 11,026,497 185,015 11,211,512 98 .35%
94 12,560,261 97,511 12,657,772 99 .23%
95 14,545,610 89,551 14,635,161 99 .39%
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Table 2 - Age-at-length distribution o f  fish used in age-length key development.

Length
(inches)

AGE

1 2 3 4 5 6 7 8 9 Total
8 2 2
9 2 2
10 1 8 3 12
11 22 25 9 2 58
12 31 74 44 11 3 163
13 1 24 106 94 34 10 1 1 271
14 2 20 64 81 80 15 2 264
15 1 19 53 74 51 16 8 5 227
16 1 23 68 89 44 14 6 1 246
17 11 61 83 40 9 2 1 207
18 5 20 51 23 5 3 1 108
19 1 1 5 24 14 3 2 50
20 1 4 10 4 1 20
21 1 1
22 2 3 4 4 1 14
23 3 1 3 7
24 5 3 3 11
Total 11 164 480 555 320 88 33 11 1 1,663
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T able  3. Analysis o f variance o f  striped mullet catch per effort indices from LDWF seine
samples. Indices are calculated for all samples taken between January through April, 
using the natural log o f  (catch/effort +1) for each station/year/month cell.

Striped Mullet Catch Per Effort By Seines From LDWF Samples
SEA=Jan-Apr

General Linear Models Procedure 
Class Level Information

Class Levels Values
YEAR 11 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
MONTH 4 1 2  3 4
AREA 7 1 2 3 4 5 6 7

Number of observations in by group = 1717

General Linear Models Procedure
Dependent Variable: L0GC_E

Sum of Mean
Source DF Squares Square F Value Pr > F
Model 19 335.1063968 17.6371788 18.02 0.0001
Error 1697 1660.9253314 0.9787421
Corrected Total 1716 1996.0317282

R-Square C.V. Root MSE LOGC __E Mean
0.167886 192.8215 0.989314 0..513072

Source DF Type I SS Mean Square F Value Pr > F
YEAR 10 45.3931624 4.5393162 4.64 0.0001
MONTH 3 9.8796343 3.2932114 3.36 0.0180
AREA 6 279.8336001 46.6389334 47.65 0.0001
Source DF Type III SS Mean Square F Value Pr > F
YEAR 10 44.7220457 4.4722046 4.57 0.0001
MONTH 3 9.8202403 3.2734134 3.34 0.0185
AREA 6 279.8336001 46.6389334 47.65 0.0001
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T able  4. Duncan’s Multiple Range Test and least square means of striped mullet catch per
effort indices from LDW F seine samples. Indices are calculated for all samples taken 
between January through April, using the natural log o f (catch/effort + 1 ) for each 
station/year/month cell.

Striped Mullet Catch Per Effort By Seines From LDWF Samples
----------------------------- SEA=Jan-Apr ------------------------------

General Linear Models Procedure
Duncan's Multiple Range Test for variable: LOGC_E

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

Alpha- 0.05 df- 1697 MSE- 0.978742 
WARNING: Cell sizes are not equal.

Harmonic Mean of cell sizes- 155.5889
Number of Means 2 3 4 5 6 7 8 9  10 11
Critical Range .2200 .2316 .2394 .2452 .2497 .2534 .2565 .2591 .2614 .2634

Means with the same letter are not significantly different.
Duncan Grouping Mean N YEAR

A 0.8493 147 1986
B A 0.7843 169 1996
B C 0.6056 143 1988
B C D 0.5582 146 1987

C D 0.4740 161 1994
C D 0.4565 149 1993
C D 0.4441 162 1990
C D 0.4161 164 1992
C D 0.3891 163 1995
C D 0.3746 149 1989

D 0.3152 164 1991
General Linear Models Procedure 

Least Squares Means
YEAR LOGC E Std Err Pr > IT|

LSMEAN LSMEAN HO:LSMEAN»0
1986 0.82685873 0.08206487 0.0001
1987 0.54015709 0.08213653 0.0001
1988 0.59044556 0.08300223 0.0001
1989 0.36715005 0.08119594 0.0001
1990 0.44703096 0.07777053 0.0001
1991 0.30310091 0.07733906 0.0001
1992 0.41541093 0.07729010 0.0001
1993 0.42751883 0.08138934 0.0001
1994 0.46762803 0.07801805 0.0001
1995 0.38125800 0.07761505 0.0001
1996 0.78764665 0.07613058 0.0001
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T able  5. Estimation o f  fishing mortality rates, yield per recruit, spawning stock biomass per 
recruit (in terms o f egg production), percent spawning potential ratio, and the yield per 
recruit compared to the maximum possible, given the natural mortality rates listed. Rates 
are based on the effects o f  regulations prior to 1995 and Act 1316.

M=0.3
F • Ratio YPR SPR %SPR %YPR

F-max = 0.6101 85.3967 458455 40.49% 100.00%
F0.1 = 0.3138 78.5764 616995 54.50% 92.01% Benchmarks

F20% = 3.1765 63.9194 226433 20.00% 74.85%
F30% = 1.178 80.1047 339650 30.00% 93.80%

* Regulations = 0.876 83.6384 387909 34.26% 97.94% Estimate

M=0.4
F - Ratio YPR SPR %SPR %YPR

F-max = 0.8409 49.3065 265006 43.95% 100.00%
F0.1 = 0.3958 44.8162 350515 58.13% 90.89% Benchmarks

F20% = 7.5026 37.2489 120602 20.00% 75.55%
F30% = 2.3699 44.012 180903 30.00% 89.26%

Regulations = 0.776 49.2589 273238 45.31% 99.90% Estimate

M=0.5
F - Ratio YPR SPR %SPR %YPR

F-max = 1.1573 29.7049 162943 47.40% 100.00%
F0.1 = 0.4911 26.6682 213003 61.96% 89.78% Benchmarks

F20% = 15.6077 23.1131 68757 20.00% 77.81%
F30% = 4.9126 26.4089 103136 30.00% 88.90%

Regulations e 0.676 28.5449 193304 56.23% 96.09% Estimate

M=0.6
F - Ratio YPR SPR %SPR %YPR

F-max = 1.6725 18.5409 103274 49.86% 100.00%
F0.1 = 0.5997 16.3739 135999 65.66% 88.31% Benchmarks

F20% = 28.7317 14.5706 41424 20.00% 78.59%
F30% = 9.4672 17.4556 62137 30.00% 94.15%

Regulations = 0.576 16.1889 137376 66.33% 87.31% Estimate
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Table 6. Possible variation around estimates o f  fishing mortality rates, yield per recruit, 
spawning stock biomass per recruit (in terms of egg production), percent spawning 
potential ratio, and the yield per recruit, based on the standard error o f  the catch curve 
regression.

M=0.3
F - Ratio YPR SPR %SPR %YPR

ESTIMATE 0.876 83.6384 387909 34.26% 97.94%
EST + 2S.E, 1,0589 81.5428 356070 31.45% 95.49%
EST-2S.E. 0.6931 85.1648 432106 38.17% 99.73%

M=0.4
F - Ratio YPR SPR %SPR %YPR

ESTIMATE 0.776 49.2589 273238 45.31% 99.90%
EST + 2S.E. 0.9589 49.1853 252083 41.80% 99.75%
EST - 2 S.E. 0.5931 48.3648 302550 50.17% 98.09%

M=0.5
F - Ratio YPR SPR %SPR %YPR

ESTIMATE 0.676 28.5449 193304 56.23% 96.09%
EST + 2 S.E. 0.8589 29.3639 179241 52.14% 98.85%
EST-2 S.E. 0.4931 26.6974 212748 61.88% 89.88%

M=0.6
' F - Ratio YPR SPR %SPR %YPR

ESTIMATE 0.576 16.1889 137376 66.33% 87.31%
EST + 2 S.E. 0.7589 17.3047 128025 61.81% 93.33%
EST-2  S.E. 0.3931 14.1377 150279 72.56% 76.25%
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Figure 1. Historic commercial landings o f striped mullet from Louisiana waters. Source: 
NMFS commercial landings database.
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Figure 2. Age frequency o f mullet from Trip Intercept Program samples in 1994 and 1995, 
aged from age-length key.
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Figure 3. Natural log o f the 1995 age frequency o f  striped mullet harvest, with the fitted 
disappearance rate.
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F igure 4. Percent annual yield per recruit and spawning potential ratio for striped mullet in 
Louisiana, at various levels o f  natural mortality. The value o f  M=0.3 is the basis 
o f  our estimate o f the c o n d itio n ^  the stock.
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Figure 5. Natural log o f  catch/effort o f  young-of-the-year striped mullet in statewide 
fishery-independent bag seine sample, LDWF Monitoring Survey, January 
through April o f  each year. Error bars are +/- one standard error o f  the mean.
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Figure 6. Natural log o f  catch/effort o f  striped mullet in statewide fishery-independent gill
net samples, LDWF Monitoring Survey, January through April o f  each year. 
Error bars are +/- one standard error o f  the mean.
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INTRODUCTION

Section 7 o f Act 1316, 1995 Regular Session of the Louisiana Legislature, requires that 
"...the Department o f Wildlife and Fisheries and the Wildlife and Fisheries Commission shall 
undertake independent studies on the impact o f strike-net fishing on all saltwater finfish, except 
red drum, and shall report to the legislature their findings by March 1, 1997, accompanied by 
recommendations on whether commercial fisheries as provided for in this Act shall be 
expanded, continued, or eliminated." This report is intended to fulfil the obligation of the 
Department as described in that Section o f the Act.

In this report, the phrase "impact o f strike net fishing" is taken to mean "the biological 
implications of strike net fishing as it acts upon or influences" saltwater finfish stocks. Strike 
net fishing is one o f several methods by which fish may be harvested from a stock. The 
overall biological impact of fishing on the stock depends on the total number o f fish removed 
from the stock, and the ages and sexes that are removed. The method o f removal, be it by 
strike nets, other harvest methods, or by pollution, loss of habitat, etc., is not the important 
factor for measuring the biological impact. The methods o f removal are social issues, whereby 
society identifies acceptable types of removal by different users.

SCOPE OF STUDY (METHODS)

The question of the impact of strike-net harvest on any species of fish may be assessed 
by evaluating the factors that contribute to that impact. First, what sizes o f that species are 
susceptible to harvest by strike net gear? Second, what is the level of overall harvest o f the 
species, and what fraction of that harvest comes from the use of strike nets?

Selectivity may be considered as any factor that causes the composition of the catch to 
differ from the composition o f the population from which that catch was obtained. Most 
fishing operations are selective. The effect o f the method of fishing on the population is not 
uniform over all subdivisions o f the population. "The selectivity o f many methods of capture 
depends on the type of gear employed, the way the gear is operated, where and when it is used 
and the behavior o f the individuals in the population; that is, on factors both intrinsic and 
extrinsic to the process of capture, and on the interaction between these." (Pope et al. 1975). 
Although there are many qualities by which the catch can differ from the population, the most 
common interest is the size of the fish.

There are two aspects of gill net selectivity addressed in this report. The first is the 
availability or harvest of various sizes o f the species of fish by different sizes o f gill net mesh. 
This size selection will be referred to as net or mesh selectivity. Other reports use a different 
measure of this type o f selectivity, the relative likelihood o f capture o f different sizes o f fish in 
a given mesh size. This more theoretical form of selectivity is not used in this report.
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Another form of selectivity applies to the ability of a harvester using a strike net to 
harvest the species that is being targeted. This form is referred to herein as fishing selectivity. 
This form of selectivity depends on the type o f gear used, the skill o f the fisherman, and the 
other fish available to the gear (mesh selectivity and habitat use by other species).

Mesh Selectivity
To assess mesh selectivity, information was compiled from existing data. Length 

measurements taken from LDWF fishery-independent gill net samples from 1986 through 1995 
were summarized by species and mesh size. Fish from these samples are measured in 
millimeters total length. For this analysis, each length measurement was converted to 1-inch 
length increments (e.g. fish from 305 through 330 mm TL were assigned to the 12-inch 
increment). This provided the number of fish within an inch increment that were measured 
from the specified mesh panel for the time period. Over time, some changes were made in the 
meshes included in the experimental gill net. Those changes are listed in Table 1.

Additional data to measure size selectivity by gill nets come from the Trip Intercept 
Program (TIP), that samples fish landed commercially in Louisiana, and documents the sizes 
o f fish taken by gears operating in the actual fishery. All fish from gill nets were combined, 
whether from "strike" or "set" gill nets, in order to get a more complete distribution o f sizes 
from a given mesh size of net. Mesh sizes were rounded off to the nearest 1/4" stretch mesh, 
in order to reduce the number o f different sizes presented, while not strongly biasing the length 
frequency o f the sampling. All data taken between 1994 through 1996 were combined for this 
summary.

Strike Net Harvest
Estimates o f commercial harvest by gear were collected by NMFS through 1989. No 

synoptic estimates of harvest by gear are available after that date. Possible changes in methods 
o f harvest by the fisheries preclude projection of the proportions o f harvest to more recent 
years. However, estimates of harvest by gill nets and other gears for the period of 1978-1989 
provide some estimate of the relative importance of those gears to the commercial fmflsheries 
during that time period. These landings records include both fish that were taken from 
Louisiana state waters and from Federal EEZ waters off the coast o f Louisiana. For purposes 
of this report, harvest assigned to all gears other than strike or set gill nets were grouped into a 
generalized category o f "Other Gears". Harvest not assigned to a gear type is reported as 
"Unknown". The harvest by gear was summed over the entire 12 year period.
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Strike Net Bycatch
Sampling o f the non-target catch from strike nets was undertaken by Marine Fisheries 

Division personnel during the 1995-96 strike net season. Commercial fishermen were 
accompanied, and records o f target and non-target catch were cataloged. Location o f the 
sample, the type of gear used (type, length, mesh, and depth o f net) and the fisherman's 
identity were also recorded. Target harvest and non-target catch were recorded in terms of 
numbers o f fish.

Missing values for numbers o f target harvest were estimated from the average size of 
fish measured from the same mesh net sampled in 1996 by the TIP program. This involved 
deriving the mean weight of the target species from TIP sample, and using those mean weights 
to estimate the numbers of the species for samples where that value was missing, and total 
weight o f target harvest recorded in its place.

RESULTS

Mesh Selectivity (LDWF Sampling Program!
Figures 1 through 10 provide the size distribution of Atlantic croaker, black drum, 

Florida pompano, sand seatrout, sheepshead, southern flounder, southern kingfish, Spanish 
mackerel, spotted seatrout, and spot in LDW F fishery-independent gill net samples. The size 
range presented for each species is consistent among mesh sizes, to show differences in size 
frequency between nets of various meshes.

The figures show that the selectivity of the gear varies between species. Also, the 
relative small number of samples in which the 2.5 and 3 inch bar gill nets were fished reduces 
the number of fish taken (and measured) in those gears. Each figure will be discussed 
separately. Numbers of specimens captured by each gear are listed in Table 2 for all saltwater 
finfish species taken during the 1986-1995 sampling period. Species are listed by common 
name, alphabetically. At the bottom o f the table are the total number of samples taken for each 
gear type over the course o f the study period, to provide some comparison o f effort between 
the various types o f gears.

Atlantic croaker (Figure 1) were mainly taken in gill nets with mesh o f 1.5" bar (3.0" 
stretch) or less. Lower numbers of croaker were taken in larger meshes, reflecting the 
relatively low numbers of croaker of larger sizes available in the estuarine sampling areas. 
Within those mesh sizes, a shift in modal size of harvest is seen, with the 1.0" bar mesh 
collecting 6-7 inch croaker in greatest numbers, an the 1.5" bar mesh collecting more 9-10 
inch fish. A mode of larger croaker, which were gilled by the webbing, is apparent in the 
1.75" and the 2.0" bar mesh. This mode continues to show increases in modal length, with
11-12" croaker dominating the 1.75" bar mesh, and 12-14" croaker defining that mode in the
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2.0" bar mesh. A second mode o f smaller croaker becomes apparent in the 1.75" and the 2.0" 
bar mesh, where some croaker which are small enough to pass through the webbing are 
tangled in the meshes. This mode of 5-8" croaker is apparent in all larger meshes, and 
dominates the catch in the 2" bar, as well as in the 2.5 and 3" bar mesh samples. The shape o f 
the each mode of the catch frequency curve is relatively symmetrical, not showing any 
pronounced skewness.

Black drum (Figure 2) were taken in all meshes of gill nets. The bottom axis o f the 
figure has fish in 2-inch groups in order to make the figure more readable. In this figure, a 6- 
inch drum would be one between 6.00-7.99 inches in length. The lower numbers of black 
drum taken in 2.5" and 3" bar mesh nets is partly due to the lower number o f samples that 
included those gears. The 1" bar mesh sample shows a strong dominance o f young juvenile 
black drum, with a relatively small second mode of large, adult drum. The primary mode of 
each gear shows consistent increases in modal length, from the 6" group in the 1" bar mesh, to 
the 16" group in the 3" bar mesh. The shape o f the primary mode shows a strong skewness to 
the right, with a tendency for larger fish to be entangled in the mesh. This skewness is 
reduced in the larger mesh sizes, with the mode becoming more symmetrical.

Florida pompano (Figure 3) were relatively rarely taken in the smaller mesh gill net 
samples, but were more apparent in the 1.5"-2" bar gill net samples. Some skewness was 
apparent in the catch frequency curve o f the 1.5" bar gill net, but the other mesh sizes did not 
show apparent skewness. Modal sizes increased from 7" in the 1.5" bar mesh to 10" in the 2" 
bar samples. Only one fish was taken in the 2.5" bar mesh, and none were taken in the 3" bar 
mesh, so no conclusions may be drawn from this data regarding the relative catchability of 
various sizes o f pompano within these mesh sizes.

Sand seatrout (Figure 4) were collected over a relatively consistent range in all mesh 
sizes examined. Only the smallest mesh size examined harvested large numbers o f these fish, 
since they tend to remain relatively small within the estuarine study areas. A primary mode, 
around 9", is apparent in the smallest mesh, moving to 11" in the 1.25" bar mesh. This mode 
is seen as a secondary mode of 12-13" fish in the 1.5" bar mesh, but that mesh is dominated by 
smaller fish, mainly entangled in the webbing. Larger mesh nets have similar sized fish in 
them, mainly from entangling. Within each mode of fish, there is relatively little skewness 
evident, though some is noted in the two smallest meshes.

Sheepshead (Figure 5) were collected over a wide range of lengths in most mesh sizes. 
Much of this lack of obvious size selection by the various mesh sizes is due to the tendency for 
sheepshead to be entangled relatively easily by their spines. This method o f capture is less 
dependent on the length o f the fish, providing a wide size range of harvest. There is an 
apparent decline in the relative numbers o f smaller fish taken by the larger mesh sizes, 
beginning with lower numbers o f 6-7" fish in the 2" bar mesh. Sheepshead below 10" are 
relatively uncommon in the 2.5" bar samples, and fish less than 14" are relatively uncommon 
in the 3" bar mesh. The relatively high numbers of sheepshead taken in the 2.5" and 3" bar

4 Preliminary D R A F T  January 31 ,1997



mesh samples is notable, especially considering the lower number of samples taken by these 
gears (about 1,850, compared with 5,500 to 7,500 samples with other mesh sizes). This 
relatively high rate of capture suggests that these larger sheepshead are more susceptible to 
harvest with the larger mesh nets, as catch per effort was higher than with the smaller mesh 
nets. This increase in capture rate may be due to the mesh size being more appropriate for 
capture of the species via gilling of the fish, in addition to tangling.

Southern flounder (Figure 6) were captured in relatively similar numbers by all mesh 
size nets, with no notable change in capture rates for different fish sizes within most meshes.
As with sheepshead, this is probably due to the relative ineffectiveness o f the smaller mesh gill 
nets for the capture of this species, in this case due to the relative lack of spiny protrusions and 
the flat body shape of the fish. Some increase for the minimum size o f flounder captured by 
increasing mesh sizes is notable in the figure. Flounder under 10" were seldom captured in 
mesh sizes o f 2" bar or greater, which was also the mode for this mesh. The mode for the 3" 
bar was 16" fish.

Southern kingfish (Figure 7) followed a pattern of capture similar to that seen for sand 
seatrout or Atlantic croaker, two other relatively small, fusiform species. It was most often 
captured in the smallest two mesh sizes, with much lower numbers in the largest meshes. The 
shape of the catch frequency curve was fairly symmetrical in the 1" bar mesh, with a tendency 
for some skewness toward the larger sized fish. In the 1.5 "bar mesh, the skewness was toward 
the smaller fish, as the modal size increased. Catches in the three largest meshes were too low 
to provide any substantive information regarding the relative catchability o f various sizes of 
southern kingfish within these mesh sizes.

Spanish mackerel (Figure 8) were captured in substantial numbers in all mesh sizes 
through the 2" bar mesh, with few captures in the larger mesh sizes. Modal sizes showed a 
substantial shift between the 1.25" bar, with a mode of 12-13", and the 1.5" bar, with a mode 
o f 16-18" fish. Skewness also shifted between these mesh sizes, with 1" and 1.25" bar mesh 
showing a skewness toward the larger sizes o f fish, and with 1.5 "-2" bar meshes showing a 
skewness toward the smaller sizes. The 1.75" and 2" bar meshes showed a smaller secondary 
mode of smaller fish, of fish that were tooth-entangled in the meshes. This method of capture, 
entanglement by the teeth, is also responsible for the capture o f the relatively large mackerel in 
the smallest mesh samples, providing some o f the skewness seen in those meshes. Catches in 
the three largest meshes were too low to provide any substantive information regarding the 
relative catchability o f various sizes o f Spanish mackerel within these mesh sizes.

Spotted seatrout (Figure 9) were captured in substantial numbers in all mesh sizes 
through the 2" bar mesh, with fewer captures in the larger mesh sizes. Modal sizes showed a 
steady progression, from 10" fish in the 1" bar mesh, through 12", 14"and 16" to 18-19" in 
the 1.25", 1.5", 1.75" and 2" bar meshes, respectively. Skewness toward larger fish was 
apparent in the smallest mesh sizes, while the 1.5" and 1.75" meshes showed relatively little 
skewness. Skewness toward smaller sizes was apparent in the 2" bar mesh, with a smaller
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secondary mode o f smaller fish, o f fish that were tooth-entangled in the meshes. This method 
of capture, entanglement by the teeth, is also responsible for the capture of the relatively large 
seatrout in the smallest mesh samples, providing some of the skewness seen in those meshes. 
The 2 .5 ” mesh showed relatively little variation in capture rates for different sizes, partially 
due to the relatively low numbers of fish sampled. There is some indication o f two modes of 
capture, one centered around 10"-15" and one centered around 20"-24". However, the catches 
are too low to provide any definitive information regarding the relative catchability of various 
sizes of spotted seatrout by this or larger mesh sizes.

Spot (Figure 10) were captured in substantial numbers in the three smallest mesh sizes, 
with few captures in the larger mesh sizes. None were collected in the 2.5" or 3" bar mesh 
nets. Within the mesh sizes where spot were regularly captured, the modal size progressed 
from 6", through 7" to 8-9" fish in the 1", 1.25" and 1.5" bar meshes, respectively. Only a 
narrow size range o f spot were consistently captured by any gear, and sizes dominating the 1" 
bar samples were only a small component o f the 1.5" bar samples. Overlap between these two 
meshes was mainly in the skewed tails o f the distributions, with a skewness toward larger spot 
in the 1" bar, and toward smaller fish in the 1.5" bar. This skewness was much less apparent 
than in some other species summarized here. Spot taken by the 1.75" bar mesh were relatively 
widely distributed in size range, but the numbers captured were substantially below the smaller 
mesh nets (n=378 vs n=7968 in 1.5" mesh samples, Table 2).

Striped mullet (Figure 11) followed a pattern of capture similar to that seen for other 
relatively fusiform species. The shape o f the catch frequency curve was symmetrical in the 1" 
through 2" bar meshes, with the modal size moving consistently toward larger sizes as mesh 
size increased. In the 2" bar mesh, overall catch rate was lower than in smaller mesh sizes. 
There was a tendency for a larger range of fish to be relatively abundant in the catch 
distribution of this mesh, though the sizes at the ends o f the distributions were captured in low 
numbers. Catches in the largest two meshes were too low to provide any substantive 
information regarding the relative catchability of various sizes o f striped mullet within these 
mesh sizes.

Numbers of specimens captured by each gear are listed in Table 2 for all saltwater 
finfish species taken during the 1986-1995 sampling period. Species are listed by common 
name, alphabetically.

Mesh Selectivity (TIP Sampling Program!
Figure 12 provides a summary o f the measured lengths of fish harvested commercially, 

using various mesh sizes of gill nets, from the TIP dataset. For purposes o f this report, 
lengths of fish from both set and strike nets were combined, as selectivity by length should not 
be substantially affected by the method of gear operation. Saltwater finfish species with more 
than 50 length measurements from gill nets were selected from the TIP dataset for analysis.
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Six species, bluefish, blue runner, Florida pompano, sheepshead, spot, and Spanish mackerel 
were measured using fork length, rather than total lengths. Those lengths were not converted 
to total length, but are presented as recorded. Black drum, spotted seatrout, sand seatrout, and 
southern flounder were primarily measured in total length. Striped mullet was measured both 
as total and as fork length. For this report, only those mullet records where total length was 
recorded were presented.

A major difficulty with this analysis is that the total effort that targets any species varies 
for each gear or mesh size. Therefore it is not possible to directly compare the catches o f each 
gear type from this chart and derive any comparison of the relative efficiency of the gears, as 
they are not equally sampled, and gear targeting each species may be fished differently.
LDWF gears do not target any species, and are fished using a standard protocol at specified 
locations. Therefore more direct comparisons can be made on the relative effectiveness of 
those gears (across mesh sizes) on various sizes o f fish.

The benefit o f this summary is that these gears are the actual commercial gears used in 
the recent fisheries. Therefore, the relative abundance of sizes within each mesh size more 
accurately reflects the actual distribution o f sizes harvested by these gears.

Strike Net Harvest
Table 3 provides a summary of the reported harvest by strike and set gill nets for 

various finfish species between 1978 and 1989 as reported by NMFS. The poundages reported 
here are the sum of the 12 years' landings, and the percentages are the means o f the annual 
percentage o f the harvest reported for that gear.

This data covers a substantial time period, during which many o f Louisiana's 
commercial fisheries underwent significant regulatory and other changes. The percentages and 
relative poundages reported in this table are not an accurate reflection o f the present fisheries, 
as we understand them to be today.

Strike Net Byratch
Table 4 provides tabulation of target and non-target catch for commercial strike net 

samples that were targeting striped mullet. A  total o f 19 strikes targeting mullet were 
monitored, which resulted in the capture o f about 7,833 striped mullet. Sixteen other species, 
including blue crab and 15 finfish species, were captured incidentally to these sets, for a total 
o f 167 specimens. The most commonly encountered non-target species was spotted seatrout, 
with 25 specimens captured in 9 sets. Red drum were captured in 2 o f the 19 sets. This was 
composed o f 69 red drum in one set, with a single red drum taken in the other set. Marginal 
notes on the data sheet for the large set indicate that the red drum were returned to the water
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alive and in good shape. Although spotted seatrout were considered as non-target catch in this 
dataset, some o f the fish could have legally been retained and sold, as that species was not 
declared as target by the fisherman.

Table 5 provides tabulation of target and non-target catch for commercial strike net 
samples that were targeting spotted seatrout. A total of 32 strikes targeting spotted seatrout 
were monitored, which resulted in the capture of about 1,489 spotted seatrout. Twenty-three 
other species, including blue crab, 7 freshwater finfish species, and 15 marine frnfish species, 
were captured incidentally to these sets, for a total o f 1,670 specimens. The majority of these 
specimens were striped mullet, o f which 1,021 were taken in 13 of the sets. Striped mullet 
were considered as non-target catch in this dataset, though some of the fish could have legally 
been retained and sold, as that species was not declared as target by the fisherman. In one set, 
both striped mullet and spotted seatrout were noted as target species, and the mullet taken in 
that set were not recorded as non-target catch. The remainder of the non-target catch for that 
set was included in Table 5, but not in Table 4, as spotted seatrout was noted as the primary 
target species. Black drum, sheepshead, and gizzard shad were other non-target species with 
more than 100 specimens recorded. Seventy-five red drum were taken in 14 sets. Undersized 
spotted seatrout were represented by 20 specimens taken in 10 sets. Annotations to the data 
sheets report that these two species were returned to the water in good shape, when such notes 
were taken. Other data sheets do not note the condition o f the returned specimens. Gizzard 
shad, skipjack herring, Atlantic croaker, spot, and sand seatrout were typically noted as being 
dead when returned to the water. About 10% of the striped mullet were noted as being dead 
when returned to the water, when such marginal notes were available.

Table 6 provides tabulation of target and non-target catch for commercial strike net 
samples that were targeting Florida pompano. Only 2 strikes targeting pompano were 
monitored, which resulted in the capture o f 67 pompano. Fourteen non-target specimens were 
also taken in the strikes, dominated by 6 blacktip sharks. The low number o f monitored 
strikes precludes extensive analysis o f this data. The low number o f monitored sets was due to 
the low level o f activity in this fishery, making it difficult to sample.

Table 6 also summarizes the target and non-target catch for commercial strike net 
samples targeting sheepshead and black drum. Only 2 strikes targeting these species were 
monitored, and these resulted in the capture of 18 sheepshead, and 3 black drum. Only one 
red drum was taken as non-target catch in the monitored strikes. The low number of 
monitored sets was due to the relatively low level o f activity in this fishery, making it difficult 
to sample.

Expansion o f the estimates of bycatch from this study to the overall fishery would be 
problematic at the least. The amount of non-directed harvest in a set could be related to factors 
such as the skill o f the fisherman, the season of the year, and the habitat in which the set was 
taken, as well as gear and species targeted. Therefore, expansion of the harvest estimates
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derived from this study to the entire fishery might not give a valid approximation of the 
magnitude o f the possible non-directed harvest.

Little literature exists reporting on the non-directed harvest of gill nets for the harvest 
o f the species examined here. Thompson e t a l  (1989) reported 10 species comprising a total 
of 980 pounds of bycatch in 1986-1988 dockside interviews that also yielded 265,200 pounds 
of mullet. The present study differs from that of Thompson in that on-board sampling obtained 
records o f species that would not typically be landed with the directed catch, such as blue 
crabs, gizzard shad, etc., increasing both the number of species and total weight o f the 
bycatch. Other factors may also influence the outcome, including the season. Many o f the 
samples taken in the present survey were taken during December or January, after the main 
part of the mullet season. Fishing at this time of the year may take place with subtly different 
methods or in different areas, modifying the composition of the non-directed harvest. If so, 
this would imply that expansion of the present estimates would over-estimate the bycatch o f the 
overall fishery.

STATUS OF THE STOCKS AT ISSUE

Stock assessments have been developed for striped mullet, black drum, southern flounder, 
and sheepshead, and are presented in reports developed concurrently with this report. These 
assessments do not address the impacts o f  strike net fishing p e r  se> but evaluate the effect o f all 
fishery removals on the stock, to the extent that such an evaluation can be provided with the data 
available.

RECOMMENDATIONS

The role o f the Department in the designation o f allowable gear for the harvest o f  fish has 
historically been that o f a provider o f biological or other information, and not as a policy-making 
body. The use o f a specific gear for the harvest o f  fish is not a biological issue, but rather a social 
or political approach to the allocation aspect o f  management. Biologically, it does not matter how 
a fish is harvested. The biological integrity o f  a fish resource is influenced by the total number of 
fish harvested and the sizes (or ages) at which they are harvested. Size limits, bag limits and quotas 
are examples o f biological tools typically used to control harvest and protect the biological integrity 
o f a fish resource. The method by which a fish is harvested in and o f itself does little to control total 
harvest or protect the biological integrity o f  the stocks, since it does not directly control the amount 
o f  effort expended or restrict the amount o f  time a fish is available to the fishery.

We are not in a position to address non-biological aspects o f harvest methods. The method 
o f  harvest is only one aspect o f harvest relating to the present or future condition o f  Louisiana's 
marine finfish stocks.
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Table 1. Gill net mesh sizes used in the LDWF fishery-independent monitoring program. A (+ )  
indicates time periods when the mesh was used, a (-) indicates that the mesh was not used over that 
period.

M eshW ear 1986-87 1988-95

1.0" b a r -
+2.0" stretch +

1.25" b a r -  
2.5" stretch

- +

1.5" b a r -  
3.0" stretch + +

1.75" b a r -  
3.5" stretch

- +

2.0" b a r -  
4.0" stretch + +

2.5" bar - 
5.0" stretch + -

3.0" b a r -  
6.0" stretch + -
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Table 2. Catch o f saltwater finfish species in fishery-independent gill and trammel net samples, 1986-1995.
The catch is the total number o f specimens captured for each species/gear combination. The total 
number o f samples taken by each gear type is listed at the bottom of the table.

TOTAL CATCH OF SALTWATER FINFISH IN DWF FISHERY-INDEPENDENT SAMPLES
1 BIOLOGICAL GEAR
12.0 IN.12.5 IN.|3.0 IN.13.5 IN.|4.0 IN.15.0 IN.I 6.0 IN. |
|STRETCH|STRETCH I STRETCH|STRETCH|STRETCH I STRETCH|STRETCH|TRAMMEL
1 CATCH | CATCH | CATCH | CATCH | CATCH -| CATCH | CATCH | CATCH
l SUM | SUM 1 SUM 1 SUM l SUM 1 SUM | SUM | SUM

SPECIES 1 1 1 1 1 1 1 1
AFRICAN POMPANO 1 11 . 1 . 1 . 1 . 1 . 1 . 1 •
ALLIGATOR GAR 1 47 | 57| 102| m i 117| 91 41 394
ATLANTIC BUMPER 1 284| 1041 91 41 11 . 1 . 1 2
ATLANTIC CROAKER 1 10774 | 3688 1 13861 2311 1291 111 11 351
ATLANTIC CUTLASSFISH 1 81 . 1 . 1 . 1 11 . 1 - 1 .
ATLANTIC HERRING 1 2891 31 . 1 . 1 11 . 1 . 1 .
ATLANTIC MIDSHIPMAN 1 11 11 . 1 . 1 . 1 - 1 . 1 •
ATLANTIC MOONFISH 1 . 1 11 . 1 . 1 11 . 1 - 1 •
ATLANTIC NEEDLEFISH 1 41 . 1 21 . 1 . 1 . 1 . 1 •
ATLANTIC SHARPNOSE 
SHARK

l
1

1
384|

l
3441

l
142| l

48|
l

25|
l
. 1

l
21

ATLANTIC SPADEFISH 1 761 51| 1031 75| 128| 11 - 1 153
ATLANTIC STINGRAY 1 24| 231 24| 441 451 12| 131 361
ATLANTIC THREAD HERRING I 1381 161 31 71 - 1 . 1 . 1 .
ATLANTIC THREADFIN 1 107| 56| 10| 101 81 . 1 . 1 •
BANDED DRUM 1 11 2| . 1 . 1 . 1 . 1 . 1 .
BAY ANCHOVY 1 61 71 31 . 1 . 1 . 1 . 1 3

BAY WHIFF 1 161 21 11 . 1 - 1 . 1 . 1 2
BIGHEAD SEAROBIN 1 73| 20| 71 91 11 - 1 . 1 2
BLACK DRUM 1 4951 6931 16661 15891 17101 801 411 5697
BLACKCHEEK TONGUEFISH 1 21 . 1 . 1 11 . 1 . 1 - 1 2
BLACKTIP SHARK 1 181 91 20| 34 1 591 151 71 .
BLUE RUNNER 1 531 2| 31 2| . 1 11 . 1 .
BLUEFISH 1 7781 549| 225| 116| 961 31 41 2
BONNETHEAD (SHARK) 1 11 . 1 . 1 . 1 21 11 . 1 .
BULL SHARK 1 151 3| HI 34| 79| 101 211 11
BUTTERFISH 1 38| 91 . 1 11 . 1 . 1 . 1 •
COBIA 1 91 2| 41 2| 41 . 1 . 1 '
(CONTINUED)

12 Preliminary D R A F T January 31,1997



Table 2. (contd.) Catch of saltwater finfish species in fishery-independent gill and trammel net samples, 1986-
1995. The catch is the total number of specimens captured for each species/gear combination. 
The total number o f samples taken by each gear type is listed at the bottom of the table.

TOTAL CATCH OF SALTWATER FINFISH IN DWF FISHERY-INDEPENDENT SAMPLES
I I BIOLOGICAL GEAR |
I I---------- -------- -------------------------------------------------------------------------- |
| |2.0 IN.|2.5 IN.13.0 IN.13.5 IN.14.0 IN.15.0 IN.16.0 IN.| |
| |STRETCH|STRETCH|STRETCH|STRETCH|STRETCH|STRETCH I STRETCH|TRAMMEL I
1
1

1-
1 CATCH | CATCH | CATCH | CATCH | CATCH | CATCH | CATCH | CATCH

1 1 SUM | SUM | SUM | SUM | SUM | SUM | SUM | SUM
1 SPECIES 1" 1 1 1 1 1 1 1
ICOWNOSE RAY 1 51 21

1
21

1
151

1
27|

1
21

1
4 1 2

ICREVALLE JACK 1 10591 5921 76| 411 47| 31 11 1
I DIAMOND KILLIFISH 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 1
I FLORIDA BLENNY 1 11 . 1 - 1 . 1 - 1 . ! . 1 .
|FLORIDA POMPANO 1 361 68| 172| 1941 1691 11 . 1 5
I FLOUNDER SPP. 1 - 1 . 1 . 1 . 1 -l . 1 . 1 2
IFRILLFIN GOBY 1 21 . 1 . 1 - 1 - 1 . 1 . 1 •
|FRINGED FLOUNDER 1 111 31 . 1 . 1 . 1 . 1 . 1 1
[GAFFTOPSAIL CATFISH 1 448| 254 | 2651 297| 378| 37| 131 172
IGAG 1 . 1 11 . 1 . 1 . 1 . 1 . 1 •
IGAR SPP 1 21 11 51 51 21 . 1 . 1 2
|GIZZARD SHAD 1 24251 36461 40861 2682| 16471 981 2| 2513
1 GRAY SNAPPER 1 61 91 11 21 . 1 . 1 . 1 .
|GUAGUANCHE 1 . 1 11 . 1 . 1 . 1 . 1 . 1 .
IGULF BUTTERFISH 1 17| 42| 221 31 101 11 . 1 .
IGULF FLOUNDER 1 . 1 . 1 . 1 11 . 1 . 1 . 1 .
IGULF KILLIFISH 1 . 1 . 1 11 . 1 . 1 . 1 . 1 •
IGULF KINGFISH 1 3901 481 211 17| 81 . 1 . 1 •
IGULF MENHADEN 1 36128| 15367| 5618| 758| 494| 311 27| 1005
IGULF TOADFISH 1 21 . . 1 . 1 . 1 .1 . 1 - 1 •
|HARVESTFISH 1 100] 252| 1581 219| 302| 12| 41 23
|HERRING SPP. 1 31 - 1 11 31 11 . 1 . 1 1
|HOGCHOKER 1 211 81 41 . 1 . 1 . 1 . 1 •
1 INSHORE LIZARDFISH 1 21 11 . 1 . 1 - 1 . 1 . 1 1
IKING MACKEREL i 21 11 . 1 . 1 . 1 . 1 . 1 .
ILADYFISH 1 34661 3901 314| 242| 300| 23| 41 10
I LANE SNAPPER 1 31 . 1 . 1 . 1 . 1 . 1 . 1

(CONTINUED)
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Table 2. (contd.) Catch of saltwater finfish species in fishery-independent gill and trammel net samples, 1986-
1995. The catch is the total number of specimens captured for each species/gear combination. 
The total number o f samples taken by each gear type is listed at the bottom of the table.

TOTAL CATCH OF SALTWATER F IN F IS H  IN DWF FISHERY-INDEPENDENT SAMPLES 

I l BIOLOGICAL GEAR I
1
1
1

|2.0 IN.|2.5 IN.13.0 IN.13.5 IN.14.0 IN.15.0 IN.16.0 IN.|
I STRETCH|STRETCH|STRETCH|STRETCH|STRETCH|STRETCH|STRETCH|TRAMMEL

1 1 CATCH | CATCH | CATCH | CATCH | CATCH | CATCH | CATCH | CATCH
1 1 SUM | SUM | SUM | SUM | SUM | SUM | SUM | SUM
1 SPECIES 1 1 1 1 1 1 1 1
|LEATHERJACKET 1 nil 111

1
. 1

1
. 1

1
2|

1
. 1

1
. 1 .

1 LEMON SHARK 1 71 - 1 11 11 51 . 1 21
|LINED SEAHORSE 1 n . 1 - 1 . 1 . 1 . 1 . 1 .
1 LINED SOLE 1 161 11 . 1 . 1 . 1 . 1 . 1 .
ILONGSPINE PORGY 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 1
1LOOKDOWN 1 11 11 2| 31 31 - 1 . 1 1
1 MEXICAN FLOUNDER 1 . 1 11 . 1 . 1 . 1 . 1 . 1 .
IMOJARRA SPP 1 . 1 . 1 . 1 . 1 - 1 . 1 - 1 7
1 MUTTON SNAPPER t . 1 U 11 11 . 1 . 1 . 1 .
|NAKED GOBY 1 . 1 . 1 11 . 1 . 1 . 1 . 1 .
IOCELLATED FLOUNDER 1 11 . 1 . 1 11 . 1 . 1 . 1 .
|PERMIT 1 . 1 . 1 11 41 31 . 1 - 1 .
1PIGFISH 1 221 37 | 221 11 21 . 1 . 1
!FINFISH 1 1116| 404 | 103| 311 181 . 1 . 1 116
IRED DRUM 1 10661 797 | 15701 2076| 17511 34| 191 6262
|ROUGH SCAD 1 22| . 1 . 1 . 1 . 1 . 1 - 1 .
I ROUGH SILVERSIDE 1 21 - 1 2021 - 1 . 1 . 1 . 1 1
|ROUGHTAIL STINGRAY 1 51 . 1 - 1 . 1 . 1 . 1 . 1 .
1 ROUND SCAD 1 41 . 1 . 1 . 1 . 1 - 1 . 1 .
(SAND SEATROUT 1 29091 501| 3551 263| 2931 18| 101 8
|SAND TIGER 1 11 11 . 1 . 1 21 - 1 - 1 .
I SCALED SARDINE 1 289| 351 16| . 1 21 . 1 . 1 .
I SCALLOPED HAMMERHEAD 1 . 1 . 1 11 3| . 1 . 1 . 1 •
1 SCHOOLMASTER 1 11 . 1 . 1 - 1 . 1 . 1 . 1 .
(SEA CATFISH 1 104561 73531 83091 57461 5084 1 172| 27| 4353
|SHARK SPP. 1 - 1 . 1 . 1 11 . 1 . 1 . 1 •
1SHARKSUCKER 1 11 11 . 1 . 1 . 1 . 1 . 1 •

(CONTINUED)
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Table 2. (contd.) Catch o f saltwater finfish species in fishery-independent gill and trammel net samples, 1986-
1995. The catch is the total number of specimens captured for each species/gear combination. 
The total number of samples taken by each gear type is listed at the bottom o f the table.

TOTAL CATCH OF SALTWATER FINFISH IN DWF FISHERY-INDEPENDENT SAMPLES
1 1 BIOLOGICAL GEAR

1
1

12.0 I N . [2 .5  I N . [ 3 .0  I N . [ 3.5  I N . [ 4.0  I N . [5 .0  I N . [ 6 .0  I N . |
1 STRETCH|STRETCH|STRETCH|STRETCH|STRETCH|STRETCH|STRETCH I TRAMMEL

1 1 CATCH | CATCH | CATCH | CATCH | CATCH | CATCH | CATCH | CATCH

1 1 SUM | SUM | SUM | SUM | SUM | SUM | SUM [ SUM

1 SPECIES 1 1 1 1 1 1 1 1
1
ISHEEPSHEAD 1 155 | 961 97 |

1
118 | 246 |

1
761 n s ! 2812

1 SHOAL FLOUNDER 1 . 1 11 . 1 .1 . 1 . 1 . i •

I SILVER PERCH 1 37901 7 5 | 14 | 7 1 7 1 2 | . i 3

1 SILVER SEATROUT 1 172 | 311 2 0 | 161 H I . 1 . i 2

1 SKIPJACK HERRING 1 534 1 226 ! 101 | 551 161 . 1 . f 28

1 SMOOTH BUTTERFLY RAY | . 1 . 1 . 1 . I - 1 . 1 . I 1

1 SMOOTH PUFFER 1 . 1 . 1 - 1 . 1 . 1 - 1 . i 1

I SOUTHERN FLOUNDER 1 7 3 | 831 97 | 881 159 | 42 [ 19 | 749

1 SOUTHERN KINGFISH 1 1604 | 7581 2701 100 | 38 | 11 11 4

|SOUTHERN PUFFER 1 . 1 . 1 11 . 1 . 1 . 1 . 1 .

1 SOUTHERN STARGAZER 1 21 11 . 1 . 1 11 . 1 . 1 •

[SOUTHERN STINGRAY 1 - 1 . 1 11 11 11 . 1 . 1 .

[SPANISH MACKEREL 1 14361 619 | 4751 275 | 184 1 31 2 | 3

[SPANISH SARDINE 1 2 4 | 11 . 1 11 . 1 - 1 . 1 1

[SPINNER SHARK l 51 H I 30 | 511 67 | 11 31 1

[SPOT 1 107401 118161 79681 378 | 501 . 1 . 1 1652

[SPOTTED GAR 1 207 | 2231 380 | 322 [ 1461 21 . 1 1594

[SPOTTED SEATROUT 1 196891 178591 97201 25431 11381 60 | 151 2243

[STAR DRUM 1 12 | 5 | 31 21 . 1 . 1 . 1 •

|S T IP P L E D  SPOON-NOSE EEL | 11 . 1 . 1 . 1 . 1 . 1 . 1 .

|ST R IPE D  ANCHOVY 1 17 | 3 | 31 . 1 . 1 . 1 . 1 4

[STR IPED  MULLET 1 89801 7159 | 45261 9751 2451 31 . 1 5711

1 TARPON 1 2 | . 1 21 . 1 . 1 . 1 . 1 .

ITHREADFIN SHAD 1 185 | 194 | 1231 52 | 351 . 1 . 1 33

[TIDEWATER SILVERSIDE 1 61 . 1 . 1 11 . 1 . 1 . 1 60

I T R IPLETA IL 1 . 1 . 1 31 11 61 . 1 . 1 1

[WHITE MULLET |

|SAMPLES TAKEN BY GEAR |

83 |

75031

611 

5612 1

91

74701

. 1

55911

.1 .1 

7417 | 18651

. 1

18591 1952
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Table 3. Commercial harvest o f marine frnfish species by gear, as reported in NMFS commercial landings 
statistics.

Louisiana Landings in Strike and Set Nets, 1978-89 
Landings are the sum for each species over the 12 year period 

NMFS Commercial Landings Database

1 1 GEAR l
1
1

1
1

1 1 1 UNKNOWN (STRIKE NET|OTHER GEAR]
SET GILL | 
NET |

1SP_CODE 1 1 I 1 1 ! 11
IBluefish I Percent (MEAN 1

1 1 1 
. 1 0.2% |. 99.3% | 1

0.5% |
1 I Pounds (SUM 1 .1 112| 67,4771 3331
IBlue Runner |Percent [MEAN 1 .| 0.0% | 100.0% |
1 I Pounds 1 SUM 1 .1 13| 152,6821
I
1 Croaker,At,-I Percent (MEAN 1 0.0% | 0.8% | 97.2% | l

2.0% |
1 I Pounds 1 SUM 1 1031 99,640(11,593,7911 237,5081
I Drum, Black |Percent (MEAN 1 0.1% | 45.0% | 40.9% 1—  ! 

14.0% |
1 1 Pounds (SUM 1 21,579(18,946,953117,237,4211 5,907,2011
1 Drum, Red |Percent (MEAN 1 0.0% | 34.2% | 43.2% | 22.6% |
1 I Pounds 1 SUM 1 842| 8,660,327110,950,1781 5,728,4011
|Flounder,At |Percent [MEAN 1 0.2% | 8.6% | 87.6% | 3.5% |
1 I Pounds 1 SUM 1 17,2051 614,9561 6,252,056| 252,7601
I Garfishes(F- 1 Percent (MEAN 1 .1 81.2% | 15.2% | 3.6% }
1 I Pounds (SUM 1 . 1 7,428,257| 1,395,2591

|
328,8931

I King
(Mackerel Anc 
1 Cero

I Percent (MEAN 1 . 1 .( 99.6% 1 0.4% |
I Pounds 1 SUM 1 .1 .( 5,371,1441 19,645|

1
(King Whiting 1 Percent (MEAN 1 0.8% | 1.5% | 96.8% | 0.9% (
1 I Pounds 1 SUM 1 29,8831 60,3131 3,791,5981 34,170|
I Mullet,Stri- |Percent (MEAN 1 0.0% | 23.1% | 48.7% | 28.2% |
1

1
I Pounds 1 SUM 1 561 5,348,513(11,283,0561 6,525,6661

|Pompano I Percent (MEAN 1 0.0% | 7.7% | 48.5% | 43.8% |
1 |Pounds (SUM 1 26| 33,3021 208,3031 188,1931
I Sea Catfish I Percent (MEAN -- 1 0.0% | 25.1% | 62.0% | 12.9% !
1 |Pounds (SUM 1 3011 251,4081 620,7171 128,9241

(CONTINUED)
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Table 3 (contd.) Commercial harvest of marine finfish species by gear, as reported in NMFS commercial
landings statistics.

L o u i s i a n a  L a n d i n g s  i n  S t r i k e  a n d  S e t  N e t s ,  1 9 7 8 - 8 9  
L a n d i n g s  a r e  t h e  sum  f o r  e a c h  s p e c i e s  o v e r  t h e  12 y e a r  p e r i o d  

NMFS C o m m e r c i a l  L a n d i n g s  D a t a b a s e

1 1 GEAR 1

1 1
1

1 1 1 
UNKNOWN |STRIKE NET|OTHER GEAR]

SET G ILL | 
NET |

ISP_CODE 1 1 1 1 1 1 1

I S e a
1 T r o u t , S p o t t  
I e d

I P e r c e n t IMEAN 1
1

0 .0 %  | 4 2 .3%  |
1

3 3 .7 %  |
1

2 3 .9 %  |

I P o u n d s I SUM 1 3 ,4 6 2 1 5 , 8 8 6 ,  6481 4 , 6 8 5 , 5 4 9 1 3 , 3 2 6 , 7 7 2 1

1 S e a
| T r o u t , W h i t e  
1

I P e r c e n t IMEAN 1 . 1 5 .1%  | 8 4 .7 %  | 1 0 .2 %  |

1 P o u n d s 1 SUM 1 . 1 2 1 9 ,2 6 1 1 3 , 6 7 5 , 6 3 8 1 4 4 3 , 8 1 5 1

1 S h a r k s ,  Unc | P e r c e n t IMEAN 1 0.0%  | 4 .0%  | 9 4 .2 %  | 1 .8%  |

1 1 P o u n d s 1 SUM 1 3 , 1 6 8 | 4 2 9 , 9 8 7 | 1 0 , 1 2 4 , 8 3 6 | 1 9 5 , 8 7 9 1

| S h e e p s h e a d , - 1 P e r c e n t IMEAN 1 0.1%  | 3 6 .8%  | 4 9 .6 %  l 1 3 .6 %  |

1 I P o u n d s 1 SUM 1 5 , 8 5 0 | 4 , 1 8 3 , 6 3 5 1 5 , 6 3 5 , 6 8 2 1 1 , 5 4 6 , 1 9 2 1

| S p a n i s h  
| M a c k e r e l  
1

I P e r c e n t IMEAN 1 . 1 5 .7%  | 5 8 .5 %  | 3 5 .8 %  |

|P o u n d s 1 SUM 1 . 1 3 1 , 9 3 9 1 3 2 4 , 9 5 2 1 1 9 8 , 5 8 3 1

1 S p o t 1 P e r c e n t IMEAN 1 . 1 2 2 .2 %  | 7 5 .5 %  | 2 .3 %  |

1 I P o u n d s 1 SUM 1 . 1 2 3 ,8 6 9 1 8 1 , 2 3 9 1 2 , 4 7 7 |

| T r i p l e t a i l 1 P e r c e n t IMEAN 1 . 1 0 .0%  | 1 0 0 .0 %  | 0 .0%  |

1 I P o u n d s I SUM 1 . 1 21 1 8 ,5 7 3 1 7 1

| T u n a , L i t t l e 1 P e r c e n t IMEAN 1 . 1 . 1 9 9 .7 %  | 0 .3%  |

1 |P o u n d s 1 SUM 1 . 1 . 1 1 7 3 , 8 5 0 1 5001

1F i n f i s h e s , I P e r c e n t IMEAN 1 0.0%  | 2 .5%  | 9 7 .4 %  | 0 .1 %  i

1 |P o u n d s 1 SUM 1 7821 1 4 4 ,6 7 4 1 5 , 7 1 2 , 7 9 1 | 6 , 5 2 0 )
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Table 4 . Catch of target and non-target marine frnfish species by commercial strike net fishermen as 
monitored by LDWF personnel.

NUMBERS OF TARGET AND NON-TARGET SPECIES

TARGET STRIPED MULLET

1 1 NUMBER | NUMBER |PERCENT OF|
1 1

1 STRIKES l CAPTURED lTOT. NUMB |

I TARGET 1 1 1 1

I STRIPED MULLET | 1 9 |  78331 9 7 .9 % |

1 NON-TARGET SPP. 1 1 1 !
1
I GIZZARD SHAD

1
1

1
11

1
31

1
0.0%  |

ITHREADFIN SHAD 1 11 11 0 .0 % |

I NO CATCH 31 01 0.0%  |

I BLUE CRAB 1 51 1 6 | 0 .2%  |

ISPOT 1 2 I 21 0.0%  |
1
IGULF MENHADEN 1 2 I 1 8 | 0 .2%  |
|SAND SEATROUT 1 11 11 0 .0 % |

I SEA CATFISH 1 41 1 3 | 0 .2%  |

I SILVER PERCH 11 11 0 .0 % |

ICREVALLE JACK 11 11 0.0%  |

I SOUTHERN KINGFISHI 11 11 0 .0% )

1 SPOTTED SEATROUT 1 91 2 5 |
1

0.3% I

|LADYFISH 11 2 | 0 .0%  |

|BLACK DRUM -3| 31 0 ,0%  |

|RED DRUM 21 7 0 | 0 .9 % |

ISHEEPSHEAD 41 71
1

0 .1 % |

|ATLANTIC STINGRAY I 31 31 o

|TOTAL OTHER S P P . 1 1 1 6 7 | 2 .1 % !
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Table 4 (contd.) Catch o f target and non-target marine finfish species by commercial strike net fishermen as
monitored by LDWF personnel.

NUMBERS OF TARGET AND NON-TARGET SPECIES 
TARGET SPOTTED SEATROUT

1 NUMBER | NUMBER |PERCENT OF|
1
1 STRIKES | CAPTURED |TOT. NUMB |
1
lTARGET 1 1 1

|SPOTTED SEATROUT | 

|NON-TARGET S P P .  }

3 2 |

1

14891

1

\
l

ILARGEMOUTH BASS
1

21
1

21 0 .1 % |

|REDEAR SUNFISH 31 31 0 .1 % |

|BLUE CATFISH 2 | 51 0 .2%  |

|ALLIGATOR GAR 11 11 0 .0 % |

|SPOTTED GAR 21 21 0 .1 % |

|GIZZARD SHAD 161 1 1 2 | 3.5% |

1 SKIPJACK HERRING 61 8 | 0 .3%  |

I NO CATCH 1 11 01 0 .0 % |
I
I BLUE CRAB 1 21 21 0 .1 % |

|ATLANTIC CROAKER 1 41 2 3 | 0 .7%  |

ISPOT 1 31 51 0 .2% )

IGULF MENHADEN 1 41 4 6 | 1 .5%  |

I SAND SEATROUT 1 31 61 0.2%  |

|SEA CATFISH 1 21 2 2 | 0 .7%  |

I STRIPED MULLET 1 1 3 | 10211 32.3%  |

|SOUTHERN FLOUNDER| 11 21 o . i % i

1 SPOTTED SEATROUT 1 1 0 | 2 0 | 0 .6%  |
1
|BLACK DRUM 1 1 9 | 1 8 7 | 5 .9%  1
|
|RED DRUM 1 14 | 7 5 | 2 .4%  |

|SHEEPSHEAD 1 H I 1 1 9 | 3.8% |

|P IN F IS H 1 11 11 0 .0 % |

|ATLANTIC STINGRAY| 21 51 0.2%  |

IGULF KINGFISH 1 21 21 0 .1 % |

|PERMIT 1 11 11 0.0%  |

|TOTAL OTHER SPP. 1 1 16701 5 2 .9 % |
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Table 4 (contd.) Catch of target and non-target marine fmfish species by commercial strike net fishermen as
monitored by LDW F personnel.

NUMBERS OF TARGET AND NON-TARGET SPECIES

TARGET FL O R ID A  POMPANO

1 | NUMBER | NUMBER 1 PERCENT OF|

1 1 STRIKES | CAPTURED ITOT. NUMB |

1 TARGET 1 1 1 |
i -  ___  i i i ,
I FLORIDA POMPANO | 2 |  6 7 1 8 2 . 7 % |

lNON-TARGET SPP. | | | |

|SEA CATFISH | 1 | 2 | 2 . 5 % |
1--------------------------------
|ATLANTIC BUMPER 1 11 11

---------------1
1 .2%  |

ICREVALLE JACK 1 11 1 1 1.2% |

ILADYFISH 1 11 31 3.7%  |

IBLACKTIP SHARK 1 11 61 7 . 4  % |

IBONNETHEAD 
I(SHARK)

1
1

1
11

1
11

1
1.2%  |

I TOTAL OTHER SPP. 1 1 1 4 | 1 7 .3 % i

TARGET SHEEPSHEAD/BLACK DRUM

1 1 NUMBER 1 NUMBER |PERCENT OF|

1 STRIKES 1 CAPTURED |TOT. NUMB |

|TARGET 1 1 1 i
1
I BLACK DRUM 1

1
21

1
31

i
1 3 . 6 % |

ISHEEPSHEAD l 21 181 8 1 . 8 % I

|N O N -TA R G ET S P P .
I------------------------
|N O  CATCH

==+=
I
I

II

:=+:
I
I

01 0.0%|
1----------------------------------+---------
| RED DRUM | 11 11

--------1
4.5% |

1 1 
| TOTAL OTHER S P P .  | 1 11 4.5% j
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Figure 1. Atlantic Croaker in Fishery-Independent LDWF Gill Net Samples
1986-1995
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Figure 2. Black Drum in Fishery-Independent LDWF Gill Net Samples
1986-1995
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Figure 3. Florida Pompano in Fishery-Independent LDWF Gill Net Samples
1986-1995
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Figure 4. Sand Seatrout in Fishery-Independent LDWF Gill Net Samples
1986-1995
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Figure 5. Sheepshead in Fishery-Independent LDWF Gill Net Samples
1986-1995

SHEEPSHEAD COLLECTED IN 
1 5 0 '  1 IN. BAR MONO GILL 

N =  13 8
16

6 7 6 9 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2
0 1 2 3 4 5 6 7 6 9 0 1 2 3 * 6 6 7 6 9

TOTAL LENGTH IN INCHES

SHEEPSHEAD COLLECTED IN 
1 5 0 '  1 .2 5  IN. BAR MONO GILL 

N = 8 6
16

14

6 7 6 9 1  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2  
0 1 2 3 4 5 6 7 6 9 0 1 2 3 4 5 6 7 6 9

TOTAL LENGTH IN INCHES

SHEEPSHEAD COLLECTED IN 
1 5 0 '  1 .5  IN. BAR MONO GILL 

N = 8 8
12 11

6 7 6 9 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 6 9

TOTAL LENGTH IN INCHES

SHEEPSHEAD COLLECTED IN 
1 5 0 '  1 .7 5  IN. BAR MONO GILL 

N =  10 3
1211

6 7 6 9 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2
0 1 2 3 4 5 6 7 6 9 0 1 2 3 4 5 6 7 6 9

TOTAL LENGTH IN INCHES

SHEEPSHEAD COLLECTED IN 
1 5 0 ’ 2  IN. BAR MONO GILL 

N = 2 3 4
4 0

6 7 6 9 1  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2  
0 1 2 3 * 5 6 7 6 9 0 1 2 3 4 5 6 7 6 9

TOTAL LENGTH IN INCHES

SHEEPSHEAD COLLECTED IN 
15 0 '  2 .5  IN. BAR MONO GILL 

N =  75

0 1  2 3 4 5 6 7 8 9 0  1 2 3 4 5 6 7 6 9  

TOTAL LENGTH IN INCHES

SHEEPSHEAD COLLECTED IN 
1 5 0 '  3  IN. BAR MONO GILL 

N =  113

2 2 
6  9



Figure 6. Southern Flounder in Fishery-Independent LDWF Gill Net
Samples 1986-1995
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Figure 7. Southern Kingfish in Fishery-Independent LDWF Gill Net Samples
1986-1995
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Figure 8. Spanish Mackerel in Fishery-Independent LDWF Gill Net Samples
1986-1995
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Figure 9. Spotted Seatrout in Fishery-Independent LDWF Gill Net Samples
1986-1995
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Figure 10. Spot in Fishery-Independent LDWF Gill Net Samples
1986-1995
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Figure 11. Striped Mullet in Fishery-Independent LDWF Gill Net Samples
1986-1995
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...................................................................................... Taxa=BLUEFISH ........................................................................................

F ig u re  12. L engths o f  fish  landed com m ercially  from  gill ne t gears, 1994-1996, taken  in  the  T IP
sam pling p rogram . G EA R D IS indicates the stretched  m esh size o f  the gear. A ll species w ith  m ore
than  50  length  m easurem ents from  gill ne t g ears  included.

Lengths of fish  from TIP samples

GEARDIS Length in inches Cum. Cum.
Freq Freq Percent Percent

3.50 11 0 0 0.00 0.00
12 0 0 0.00 0.00
13 0 0 0.00 0.00
14 0 0 0.00 0.00
15 ******** 2 2 2.15 2.15
16 0 2 0.00 2.15
17 0 2 0.00 2.15
18 0 2 0.00 2.15
19 0 2 0.00 2.15

3.75 11 ******** 2 4 2.15 4.30
12 ************ 3 7 3.23 7.53
13 0 7 0.00 7.53
14 0 7 0.00 7.53
15 0 7 0.00 7.53
16 0 7 0.00 7.53
17 0 7 0.00 7.53
18 0 7 0.00 7.53
19 0 7 0.00 7.53

4.50 11 0 7 0.00 7.53
12 0 7 0.00 7.53
13 ******************** 5 12 5.38 12.90
14 9 21 9.68 22.58
15 ************************************************ 12 33 12.90 35.48
16 **************************** 7 40 7.53 43.01
17 **************************** 7 47 7.53 50.54
18 9 56 9.68 60.22
19 3 59 3.23 63.44

4.75 11 0 59 0.00 63.44
12 0 59 0.00 63.44
13 0 59 0.00 63.44
14 0 59 0.00 63.44
15 **** 1 60 1.08 64.52
16 ******************** 5 65 5.38 69.89
17 4 69 4.30 74.19
18 0 69 0.00 74.19
19 0 69 0.00 74.19

5.00 11 0 69 0.00 74.19
12 0 69 0.00 74.19
13 3 72 3.23 77.42
14 6 78 6.45 83.87
15 0 78 0.00 83.87
16 ***$ 1 79 1.08 84.95
17 3 82 3.23 88.17
18 0 82 0.00 88.17
19 0 82 0.00 88.17

5.50 11 0 82 0.00 88.17
12 **** 1 83 1.08 89.25
13 0 83 0.00 89.25
14 2 85 2.15 91.40
15 ******** 2 87 2.15 93.55
16 ******************** 5 92 5.38 98.92
17 **** 1 93 1.08 100.00
18 0 93 0.00 100.00
19 0 93 0.00 100.00

+— +— +— +— +— +— +— +— +— +— +— +
1 2 3 4 5 6 7 8 9 10 11 12

Frequency
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...................................................................................  Taxa=RUNNER BLUE ....................................................................................

F ig u re  12(conV d). Lengths o f  fish  landed  com m ercially  from  gill net gears , 1994-1996, taken  in
the T IP  sam pling program . G EA R D IS indicates the stretched m esh  size o f  the  gear. A ll species
w ith  m ore than  50  length m easurem ents fro m  gill ne t gears included.

Lengths of f ish  from TIP samples

GEARDIS Length in  inches Cun. Cun.
Freq Freq Percent Percent

10 8 30.77 30.77
11 13 19.23 50.00
12 20 26.92 76.92
13 25 19.23 96.15
14 26 3.85 100.00

+------ + -------+ -------+ -------+ -------+ -------+ -------+
1 2 3 4 5 6 7 8

Frequency
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. Lengths of fish landed commercially from gill net gears, 1994-1996, taken in
program. GEARDIS indicates the stretched mesh size o f the gear. All species

Lengths of f ish  from TIP samples

TaxasPOMPANO FLORIDA

inches Cum. Cum.
Freq Freq Percent Percent

0 0 0.00 0.00
0 0 0.00 0.00

** 5 5 0.52 0.52
******** 20 25 2.10 2.62
» 3 28 0.31 2.94
***• 11 39 1.15 4.09
*** 8 47 0.84 4.93

1 48 0.10 5.03
1 49 0.10 5.14
0 49 0.00 5.14
0 49 0.00 5.14
0 49 0.00 5.14

**** 11 60 1.15 6.29
• 2 62 0.21 6.50
* 2 64 0.21 6.71

0 64 0.00 6.71
0 64 0.00 6.71
0 64 0.00 6.71
0 64 0.00 6.71
0 64 0.00 6.71
0 64 0.00 6.71
0 64 0.00 6.71
0 64 0.00 6.71
0 64 0.00 6.71

0 64 0.00 6.71
0 64 0.00 6.71
0 64 0.00 6.71

•* 5 69 0.52 7.23
13 82 1.36 8.60

**** 10 92 1.05 9.64
*** 7 99 0.73 10.38
** 5 104 0.52 10.90

0 104 0.00 10.90
0 104 0.00 10.90
0 104 0.00 10.90
0 104 0.00 10.90

0 104 0.00 10.90
1 105 0.10 11.01

40 145 4.19 15.20
96 241 10.06 25.26

************************************************ 121 362 12.68 37.95
****************************************** 105 467 11.01 48.95

66 533 6.92 55.87
28 561 2.94 58.81

***• 11.. 572 1.15 59.96
* 2 574 0.21 60.17
** 4 578 0.42 60.59

1 579 0.10 60.69

- — - 0 579 0.00 60.69
0 579 0.00 60.69
1 580 0.10 60.80

14 594 1.47 62.26
37 631 3.88 66.14
16 647 1.68 67.82

1 648 0.10 67.92
0 648 0.00 67.92
1 649 0.10 68.03
0 649 0.00 68.03
0 649 0.00 68.03
0 649 0.00 68.03
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...............................................................................  Taxa=POHPANO FLORIDA ................................................................................

F ig u re  1 2 (c o n t'd ) . Lengths o f  fish landed com m ercially  from  gill net gears , 1994-1996, taken in
the T IP  sam pling program . G EA R D IS indicates the stretched m esh size o f  the  gear. A ll species
w ith  m ore than  50 length  m easurem ents from  gill net gears included.

Lengths of fish  from TIP samples

7 0 649 0.00 68.03
8 0 649 0.00 68.03
9 14 663 1.47 69.50

10 765 10.69 80.19
11 ****** 15 780 1.57 81.76
12 $* 5 785 0.52 82.29
13 * 2 787 0.21 82.49
14 1 788 0.10 82.60
15 1 789 0.10 82.70
16 0 789 0.00 82.70
17 0 789 0.00 82.70
29 0 789 0.00 82.70

7 0 789 0.00 82.70
8 0 789 0.00 82.70
9 ** 4 793 0.42 83.12

10 ******* 17 810 1.78 84.91
11 65 875 6.81 91.72
12 ************************ 59 934 6.18 97.90
13 14 948 1.47 99.37
14 * 3 951 0.31 99.69
15 * 3 954 0.31 100.00
16 0 954 0.00 100.00
17 0 954 0.00 100.00
29 0 954 0.00 100.00

+— +— +— + -•-+— +— +— +— +— +— +— + 
10 20 30 40 50 60 70 80 90 100 110 120

Frequency
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...................................................................................  Texa=SHEEPSHEAD ......................................................................................

F ig u re  1 2 (c o n t'd ) . Lengths o f  fish  landed com m ercially  from  gill ne t gears , 1994-1996, taken in
the T IP  sam pling program . G EA R D IS indicates the stretched m esh size o f  the gear. A ll species
w ith  m ore than  50  length  m easurem ents from  g ill net gears included.

Lengths of fish  from TIP samples

GEARDIS Length in inches Cun. Cun.
Freq Freq Percent Percent

3.50 9 * 2 2 0.13 0.13
10 *• 4 . 6 0.26 0.39
11 **•* 7 13 0.45 0.84
12 • • • • 7 20 0.45 1.30
13 *** 6 26 0.39 1.69
14 * 1 27 0.06 1.75
15 * 2 29 0.13 1.88
16 * 1 30 0.06 1.95
17 * 1 31 0.06 2.01
18 0 31 0.00 2.01
19 0 31 0.00 2.01
20 0 31 0.00 2.01
21 0 31 0.00 2.01

4.50 9 0 31 0.00 2.01
10 0 31 0.00 2.01
11 *•* 5 36 0.32 2.34
12 9 45 0.58 2.92
13 16 61 1.04 3.96
14 ***• 8 69 0.52 4.48
15 * 2 71 0.13 4.61
16 ** 4 75 0.26 4.87
17 * 2 77 0.13 5.00
18 * 2 79 0.13 5.13
19 0 79 0.00 5.13
20 0 79 0.00 5.13
21 0 79 0.00 5.13

5.00 9 0 79 0.00 5.13
10 * 1 80 0.06 5.20
11 ** 3 83 0.19 5.39
12 9 92 0.58 5.98
13 *•* 5 97 0.32 6.30
14 we* 5 102 0.32 6.63
15 0 102 0.00 6.63
16 0 102 0.00 6.63
17 0 102 0.00 6.63
18 * 1 103 0.06 6.69
19 0 103 0.00 6.69
20 0 103 0.00 6.69
21 0 103 0.00 6.69

5.25 9 0 103 0.00 6.69
10 0 103 0.00 6.69
11 10 113 0.65 7.34
12 16 129 1.04 8.38
13 16 145 1.04 9.42
14 17 162 1.10 10.53
15 ***** 10 172 0.65 11.18
16 **** 8 180 0.52 11.70
17 **• 5 185 0.32 12.02
18 * 1 186 0.06 12.09
19 0 186 0.00 12.09
20 0 186 0.00 12.09
21 0 186 0.00 12.09
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F ig u re  1 2 (co n t'd ) . Lengths o f  fish  landed com m ercially  from  gill ne t gears , 1994-1996, taken  in
the T IP  sam pling program . G EA R D IS indicates the stretched m esh  size o f  the gear. A ll species
w ith  m ore than  50 length  m easurem ents from  gill net gears included.

Lengths of f ish  from TIP samples

5.50

5.75

6.00

6.50

TaxasSHEEPSHEAD

9 ** 3 189 0.19 12.28
10 **** 8 197 0.52 12.80
11 24 221 1.56 14.36
12 88 309 5.72 20.08
13 70 379 4.55 24.63
14 55 434 3.57 28.20
15 48 482 3.12 31.32
16 ********** 19 501 1.23 32.55
17 12 513 0.78 33.33
18 ***** 9 522 0.58 33.92
19 ** 4 526 0.26 34.18
20 0 526 0.00 34.18
21 0 526 0.00 34.18

9 * 2 528 0.13 34.31
10 *** 6 534 0.39 34.70
11 26 560 1.69 36.39
12 *********************************** 69 629 4.48 40.87
13 89 718 5.78 46.65
14 84 802 5.46 52.11
15 61 863 3.96 56.08
16 28 891 1.82 57.89
17 11 902 0.71 58.61
18 *** 5 907 0.32 58.93
19 * 1 908 0.06 59.00
20 0 908 0.00 59.00
21 * 2 910 0.13 59.13

9 * 1 911 0.06 59.19
10 ** 4 915 0.26 59.45
11 ************* 26 941 1.69 61.14
12 49 990 3.18 64.33
13 73 1063 4.74 69.07
14 ****************************************** 84 1147 5.46 74.53
15 49 1196 3.18 77.71
16 27 1223 1.75 79.47
17 12 1235 0.78 80.25
18 ** 4 1239 0.26 80.51
19 ** 4 1243 0.26 80.77
20 * 1 1244 0.06 80.83
21 0 1244 0.00 80.83

9 0 1244 0.00 80.83
10 0 1244 0.00 80.83
11 ** 3 1247 0.19 81.03
12 11 1258 0.71 81.74
13 ****** 12 1270 0.78 82.52
14 9 1279 0.58 83.11
15 21 1300 1.36 84.47
16 ********* 17 1317 1.10 85.58
17 ******** 16 1333 1.04 86.61
18 *** 5 1338 0.32 86.94
19 * 1 1339 0.06 87.00
20 0 1339 0.00 87.00
21 0 1339 0.00 87.00
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F ig u re  1 2 (c o n t'd ) . Lengths o f  fish  landed  com m ercially  from  gill ne t gears, 1994-1996, taken  in
the T IP  sam pling program . G E A R D IS  indicates the stretched m esh size o f  the gear. A ll species
w ith  m ore than  50 length  m easurem ents from  gill ne t gears included.

Lengths of f ish  from TIP samples

7.00 9 0 1339 0.00 87.00
10 0 1339 0.00 87.00
11 0 1339 0.00 87.00
12 **** 7 1346 0.45 87.46
13 17 1363 1.10 88.56
14 33 1396 2.14 90.71
15 33 1429 2.14 92.85
16 36 1465 2.34 95.19
17 23 1488 1.49 96.69
18 27 1515 1.75 98.44
19 15 1530 0.97 99.42
20 **** 7 1537 0.45 99.87
21 * 2 1539 0.13 100.00

+----+----+---- +---- +---- +---- +----+---- +
10 20 30 40 50 60 70 80 90

Frequency
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.............................................................................  Taxa=SEATROUT SPOTTED ................................................................................

F ig u re  1 2 (c o n t'd ) . Lengths o f  fish  landed  com m ercially  from  gill ne t gears , 1994-1996, taken  in
the T IP  sam pling program . G EA R D IS indicates the stretched m esh size o f  the gear. A ll species
w ith  m ore than  50 length m easurem ents from  gill ne t gears included.

Lengths of f ish  from TIP samples

GEARDIS

3.25

3.50

3.75

Length in inches Cum. Cum.
Freq Freq Percent Percent

11 0 0 0.00 0.00
12 0 0 0.00 0.00
13 1 1 0.08 0.08
14 0 1 0.00 0.08
15 *** 13 14 1.10 1.18
16 * 4 18 0.34 1.52
17 2 20 0.17 1.69
18 2 22 0.17 1.85
19 2 24 0.17 2.02
20 0 24 0.00 2.02
21 0 24 0.00 2.02
22 0 24 0.00 2.02
23 1 25 0.08 2.11
24 0 25 0.00 2.11
25 0 25 0.00 2.11

11 2 27 0.17 2.28
12 1 28 0.08 2.36
13 **** 19 47 1.60 3.96
14 247 16.86 20.83
15 494 20.83 41.65
16 672 15.01 56.66
17 113 785 9.53 66.19
18 *************** 73 858 6.16 72.34
19 ********** 51 909 4.30 76.64
20 26 935 2.19 78.84
21 ** 11 946 0.93 79.76
22 * 6 952 0.51 80.27
23 * 4 956 0.34 80.61
24 2 958 0.17 80.78
25 1 959 0.08 80.86

11 0 959 0.00 80.86
12 0 959 0.00 80.86
13 0 959 0.00 80.86
14 * 3 962 0.25 81.11
15 ** 9 971 0.76 81.87
16 **** 19 990 1.60 83.47
17 **** 22 1012 1.85 85.33
18 23 1035 1.94 87.27
19 ** 12 1047 1.01 88.28
20 * 5 1052 0.42 88.70
21 0 1052 0.00 88.70
22 2 1054 0.17 88.87
23 2 1056 0.17 89.04
24 1 1057 0.08 89.12
25 0 1057 0.00 89.12
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

. Lengths o f fish landed commercially from gill net gears, 1994-1996, taken in
program. GEARDIS indicates the stretched mesh size o f the gear. All species

Lengths of f is h  from TIP samples

Taxa=SEATROUT SPOTTED

0 1057 0.00 89.12
0 1057 0.00 89.12
0 1057 0.00 89.12
0 1057 0.00 89.12
0 1057 0.00 89.12
0 1057 0.00 89.12
0 1057 0.00 89.12
2 1059 0.17 89.29
1 1060 0.08 89.38
1 1061 0.08 89.46
1 1062 0.08 89.54
0 1062 0.00 89.54
0 1062 0.00 89.54
0 1062 0.00 89.54
0 1062 0.00 89.54

0 1062 0.00 89.54
0 1062 0.00 89.54
2 1064 0.17 89.71

*** 17 1081 1.43 91.15
** 8 1089 0.67 91.82
* 6 1095 0.51 92.33
• 7 1102 0.59 92.92
* 5 1107 0.42 93.34

0 1107 0.00 93.34
1 1108 0.08 93.42
0 1108 0.00 93.42
1 1109 0.08 93.51
2 1111 0.17 93.68
2 1113 0.17 93.84
1 1114 0.08 93.93

0 1114 0.00 93.93
0 1114 0.00 93.93
0 1114 0.00 93.93
1 1115 0.08 94.01
1 1116 0.08 94.10

** 9 1125 0.76 94.86
• 6 1131 0.51 95.36
• 5 1136 0.42 95.78
* 3 1139 0.25 96.04

1 1140 0.08 96.12
0 1140 0.00 96.12
0 1140 0.00 96.12
0 1140 0.00 96.12
0 1140 0.00 96.12
1 1141 0.08 96.21

1 1142 0.08 96.29
1 1143 0.08 96.37
1 1144 0.08 96.46
2 1146 0.17 96.63

• 7 1153 0.59 97.22
•* 10 1163 0.84 98.06
• 6 1169 0.51 98.57

2 1171 0.17 98.74
0 1171 0.00 98.74
2 1173 0.17 98.90
0 1173 0.00 98.90
1 1174 0.08 98.99
2 1176 0.17 99.16
0 1176 0.00 99.16
0 1176 0.00 99.16
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.............................................................................  Taxa=SEATR0UT SPOTTED ................................................................................

F ig u re  12(conV d). Lengths o f  fish  landed com m ercially  from  gill ne t gears, 1994-1996, taken  in
the T IP  sam pling program . G EA R D IS indicates the stretched m esh  size o f  the gear. A ll species
w ith  m ore than  50 length  m easurem ents from  gill ne t gears included.

Lengths of fish  from TIP samples

11 0 1176 0.00 99.16
12 0 1176 0.00 99.16
13 1 1177 0.08 99.24
14 * 4 1181 0.34 99.58
15 * 3 1184 0.25 99.83
16 2 1186 0.17 100.00
17 0 1186 0.00 100.00
18 0 1186 0.00 100.00
19 0 1186 0.00 100.00
20 0 1186 0.00 100.00
21 0 1186 0.00 100.00
22 0 1186 0.00 100.00
23 0 1186 0.00 100.00
24 0 1186 0.00 100.00
25 0 1186 0.00 100.00

20 40 60 80 100 120 140 160 180 200 220 240 

Frequency
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.................................................................................  TaxasSEATROUT SAND ..................................................................................

F ig u re  1 2 (c o n t'd ) . Lengths o f  fish landed  com m ercially  from  gill ne t gears , 1994-1996, taken  in
the T IP  sam pling program . G EA R D IS indicates the stretched m esh size o f  the  gear. A ll species
w ith  m ore than  50 length  m easurem ents fro m  gill net gears included.

Lengths of fish  from TIP samples

GEARDIS Length in inches Cun. Cum.
Freq Freq Percent Percent

3.50 9 0 0 0.00 0.00
10 0 0 0.00 0.00
11 1 1 1.28 1.28
12 ******************** 4 5 5.13 6.41
13 10 15 12.82 19.23
14 ************************************************** 10 25 12.82 32.05
15 3 28 3.85 35.90
16 ***** 1 29 1.28 37.18
17 2 31 2.56 39.74

3.75 9 0 31 0.00 39.74
10 0 31 0.00 39.74
11 0 31 0.00 39.74
12 0 31 0.00 39.74
13 4 35 5.13 44.87
14 3 38 3.85 48.72
15 3 41 3.85 52.56
16 0 41 0.00 52.56
17 0 41 0.00 52.56

5.00 9 0 41 0.00 52.56
10 0 41 0.00 52.56
11 0 41 0.00 52.56
12 ***** 1 42 1.28 53.85
13 0 42 0.00 53.85
14 0 42 0.00 53.85
15 ********** 2 44 2.56 56.41
16 2 46 2.56 58.97
17 1 47 1.28 60.26

6.00 9 ******************** 4 51 5.13 65.38
10 6 57 7.69 73.08
11 ************************* 5 62 6.41 79.49
12 ***** 1 63 1.28 80.77
13 4 67 5.13 85.90
14 1 68 1.28 87.18
15 ***** 1 69 1.28 88.46
16 7 76 8.97 97.44
17 ***** 1 77 1.28 98.72

6.50 9 0 77 0.00 98.72
10 0 77 0.00 98.72
11 0 77 0.00 98.72
12 0 77 0.00 98.72
13 0 77 0.00 98.72
14 0 77 0.00 98.72
15 ***** 1 78 1.28 100.00
16 0 78 0.00 100.00
17 0 78 0.00 100.00

+------+------ +-----+-----+-----+-----+-----+-----+— -+
1 2 3 4 5 6 7 8 9  10

Frequency
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.......................................................................................... Taxa=SPOT ............................................................................................

F ig u re  1 2 (c o n t'd ) . Lengths o f  fish  landed com m ercially  from  gill ne t gears , 1994-1996, taken in
the T IP  sam pling program . G EA R D IS indicates the stretched m esh  size o f  the gear. A ll species
w ith  m ore than  50  length  m easurem ents from  gill net gears included.

Lengths of fish  from TIP samples

GEARDIS Length in inches Cun. Cum.
Freq Freq Percent Percent

3.50 5 • • • 3 3 4.17 4.17
6 1 4 1.39 5.56a 6 10 8.33 13.89
9 38 38.89 52.78

10 *** 3 41 4.17 56.94
12 * 1 42 1.39 58.33

5.50 5 0 42 0.00 58.33
6 0 42 0.00 58.33
8 ** 2 44 2.78 61.11
9 ****************** 18 62 25.00 86.11

10 0 62 0.00 86.11
12 0 62 0.00 86.11

6.00 5 0 62 0.00 86.11
6 0 62 0.00 86.11a **# 3 65 4.17 90.28
9 7 72 9.72 100.00

10 0 72 0.00 100.00
12 0 72 0.00 100.00

+----+----+---- +---- +
5 10 15 20 25

Frequency

43



Dlii
an

3th

2
.10
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
39
40
43

2
10
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
39
40
43

Lengths of fish landed commercially from gill net gears, 1994-1996, taken in 
3gram. GEARDIS indicates the stretched mesh size o f the gear. All species

| length measurements from gill net gears included.
Lengths of f ish  from TIP samples

Texa=DRUM BLACK

inches

*

*

••••
**•
* * *

*

*

*

*

Cum.
Freq Freq Percent

0 0 0.00
1 1 0.07
0 1 0.00
2 3 0.13
7 10 0.47
6 16 0.40
5 21 0.34
0 21 0.00
1 22 0.07
0 22 0.00
0 22 0.00
1 23 0.07
0 23 0.00
1 24 0.07
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00

0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 24 0.00
0 . 24 0.00
0 24 0.00
1 25 0.07
0 25 0.00
0 25 0.00
0 25 0.00
0 25 0.00
0 25 0.00
0 25 0.00
0 25 0.00
0 25 0.00
0 25 0.00
0 25 0.00
0 25 0.00
0 25 0.00
0 25 0.00
0 25 0.00
0 25 0.00
0 25 0.00

Cun.
Percent

0.00
0.07
0.07
0.20
0.67
1.08
1.41
1.41
1.48
1.48
1.48
1.55
1.55 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61 
1.61

1.61
1.61
1.61
1.61
1.61
1.61
1.61
1.61
1.61
1.61
1.61
1.61
1.68
1.68
1.68
1.68
1.68
1.68
1.68
1.68
1.68
1.68
1.68
1.68
1.68
1.68
1.68
1.68
1.68
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F ig u re  1 2 (c o n t'd ) . Lengths o f  fish  landed  com m ercially  from  gill ne t gears , 1994-1996, taken  in
the T IP  sam pling program . G EA R D IS indicates the stretched m esh size o f  the gear. A ll species
w ith  m ore than  50 length  m easurem ents fro m  gill ne t gears included.

Lengths of f ish  from TIP samples

Taxa=0RUM BLACK
2 0 25 0.00 1.68

10 0 25 0.00 1.68
14 0 25 0.00 1.68
15 0 25 0.00 1.68
16 ** 3 28 0.20 1.88
17 0 28 0.00 1.88
18 * 2 30 0.13 2.02
19 0 30 0.00 2.02
20 0 30 0.00 2.02
21 0 30 0.00 2.02
22 0 30 0.00 2.02
23 0 30 0.00 2.02
24 0 30 0.00 2.02
25 0 30 0.00 2.02
26 0 30 0.00 2.02
27 0 30 0.00 2.02
28 0 30 0.00 2.02
29 0 30 0.00 2.02
30 0 30 0.00 2.02
31 0 30 0.00 2.02
32 0 30 0.00 2.02
33 0 30 0.00 2.02
34 0 30 0.00 2.02
35 0 30 0.00 2.02
36 0 30 0.00 2.02
37 0 30 0.00 2.02
39 0 30 0.00 2.02
40 0 30 0.00 2.02
43 0 30 0.00 2.02

2 0 30 0.00 2.02
10 0 30 0.00 2.02
14 0 30 0.00 2.02
15 0 30 0.00 2.02
16 ****** 11 41 0.74 2.76
17 17 58 1.14 3.90
18 26 84 1.75 5.65
19 27 111 1.81 7.46
20 21 132 1.41 8.87
21 23 155 1.55 10.42
22 ******* 13 168 0.87 11.29
23 ** 4 172 0.27 11.56
24 ** 3 175 0.20 11.76
25 * 2 177 0.13 11.90
26 * 1 178 0.07 11.96
27 * 1 179 0.07 12.03
28 * 2 181 0.13 12.16
29 * 1 182 0.07 12.23
30 * 1 183 0.07 12.30
31 2 185 0.13 12.43
32 **** 8 193 0.54 12.97
33 *• 3 196 0.20 13.17
34 * 2 198 0.13 13.31
35 - 0 198 0.00 13.31
36 * 1 199 0.07 13.37
37 0 199 0.00 13.37
39 0 199 0.00 13.37
40 0 199 0.00 13.37
43 0 199 0.00 13.37
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. Lengths o f fish landed commercially from gill net gears, 1994-1996, taken in
program. GEARDIS indicates the stretched mesh size of the gear. All species

Lengths of f is h  from TIP samples

Taxa=0RUH BLACK

0 199 0.00 13.37
0 199 0.00 13.37
0 199 0.00 13.37

* 1 200 0.07 13.44
* 2 202 0.13 13.58
* 2 204 0.13 13.71
* 1 205 0.07 13.78

0 205 0.00 13.78
0 205 0.00 13.78
0 205 0.00 13.78
0 205 0.00 13.78
0 205 0.00 13.78

• 2 207 0.13 13.91
0 207 0.00 13.91
0 207 0.00 13.91
0 207 0.00 13.91
0 207 0.00 13.91
0 207 0.00 13.91
0 207 0.00 13.91
0 207 0.00 13.91
0 207 0.00 13.91
0 207 0.00 13.91
0 207 0.00 13.91
0 207 0.00 13.91
0 207 0.00 13.91
0 207 0.00 13.91
0 207 0.00 13.91
0 207 0.00 13.91
0 207 0.00 13.91

0 207 0.00 13.91
0 207 0.00 13.91
0 207 0.00 13.91

*• 4 211 0.27 14.18
11 222 0.74 14.92

******* 14 236 0.94 15.86
•** 6 242 0.40 16.26
**** 7 249 0.47 16.73

0 249 0.00 16.73
* 1 250 0.07 16.80* 1 251 0.07 16.87
* 1 252 0.07 16.94

0 252 0.00 16.94
0 252 0.00 16.94
0 252 0.00 16.94
0 252 0.00 16.94
0 252 0.00 16.94
0 252 0.00 16.94
0 252 0.00 16.94
0 252 0.00 16.94
0 252 0.00 16.94
0 252 0.00 16.94
0 252 0.00 16.94
0 252 0.00 16.94
0 252 0.00 16.94
0 252 0.00 16.94
0 252 0.00 16.94
0 252 0.00 16.94
0 252 0.00 16.94
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Lengths of fish landed commercially from gill net gears, 1994-1996, taken in 
agram. GEARDIS indicates the stretched mesh size o f the gear. All species

1 length measurements from gill net gears included.
Lengths of fish from TIP samples

Taxa=DRUH BLACK
0 252 0.00 16.94
0 252 0.00 16.94
0 252 0.00 16.94

25 277 1.68 18.62
******************************** 63 340 4.23 22.85

74 414 4.97 27.82
60 474 4.03 31.85

**************************** 55 529 3.70 35.55
21 550 1.41 36.96

******** 16 566 1.08 38.04
12 578 0.81 38.84

**** 7 585 0.47 39.31
* 2 587 0.13 39.45
** 4 591 0.27 39.72

0 591 0.00 39.72
* 1 592 0.07 39.78

0 592 0.00 39.78
* 1 593 0.07 39.85

0 593 0.00 39.85
0 593 0.00 39.85
0 593 0.00 39.85
0 593 0.00 39.85
0 593 0.00 39.85

* 2 595 0.13 39.99
0 595 0.00 39.99
0 595 0.00 39.99
0 595 0.00 39.99
0 595 0.00 39.99
0 595 0.00 39.99

0 595 0.00 39.99
0 595 0.00 39.99
0 595 0.00 39.99

18 613 1.21 41.20
65 678 4.37 45.56

******************************************** 87 765 5.85 51.41
************************** 52 817 3.49 54.91
******************** 39 856 2.62 57.53

24 880 1.61 59.14
15 895 1.01 60.15
7 902 0.47 60.62

*** 5 907 0.34 60.95
• • 4 911 0.27 61.22

0 911 0.00 61.22
0 911 0.00 61.22
0 911 0.00 61.22
0 911 0.00 61.22

* 1 912 0.07 61.29
0 912 0.00 61.29
0 912 0.00 61.29
0 912 0.00 61.29
0 912 0.00 61.29
0 912 0.00 61.29
0 912 0.00 61.29
0 912 0.00 61.29
0 912 0.00 61.29
0 912 0.00 61.29
0 912 0.00 61.29
0 912 0.00 61.29
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..............................  Taxa=ORUM BLACK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

F ig u re  1 2 (c o n t'd ) . Lengths o f  fish  landed  com m ercially  from  gill ne t gears, 1994-1996, taken in
the T IP  sam pling program . G EA R D IS indicates the stretched m esh  size o f  the gear. A ll species
w ith  m ore than  50 length  m easurem ents fro m  gill net gears included.

Lengths of fish  from TIP samples

2 * 1 913 0.07 61.36
10 0 913 0.00 61.36
14 * 1 914 0.07 61.42
IS ********* 18 932 1.21 62.63
16 74 1006 4.97 67.61
17 1100 6.32 73.92
18 *************************************** 77 1177 5.17 79.10
19 50 1227 3.36 82.46
20 *********************** 45 1272 3.02 85.48
21 37 1309 2.49 87.97
22 22 1331 1.48 89.45
23 **** 8 1339 0.54 89.99
24 *»* 6 1345 0.40 90.39
25 9 1354 0.60 90.99
26 0 1354 0.00 90.99
27 0 1354 0.00 90.99
28 0 1354 0.00 90.99
29 0 1354 0.00 90.99
30 • 1 1355 0.07 91.06
31 0 1355 0.00 91.06
32 0 1355 0.00 91.06
33 * 2 1357 0.13 91.20
34 *• 3 1360 0.20 91.40
35 * 2 1362 0.13 91.53
36 0 1362 0.00 91.53
37 * 1 1363 0.07 91.60
39 ** 3 1366 0.20 91.80
40 * 2 1368 0.13 91.94
43 • 1 1369 0.07 92.00

2 0 1369 0.00 92.00
10 0 1369 0.00 92.00
14 0 1369 0.00 92.00
15 0 1369 0.00 92.00
16 * 1 1370 0.07 92.07
17 * 1 1371 0.07 92.14
18 ** 4 1375 0.27 92.41
19 13 1388 0.87 93.28
20 ***** 10 1398 0.67 93.95
21 *• 3 1401 0.20 94.15
22 ** 3 1404 0.20 94.35
23 • 2 1406 0.13 94.49
24 • 1 1407 0.07 94.56
25 * 1 1408 0.07 94.62
26 0 1408 0.00 94.62
27 0 1408 0.00 94.62
28 0 1408 0.00 94.62
29 0 1408 0.00 94.62
30 0 1408 0.00 94.62
31 0 1408 0.00 94.62
32 0 1408 0.00 94.62
33 0 1408 0.00 94.62
34 0 1408 0.00 94.62
35 0 1408 0.00 94.62
36 0 1408 0.00 94.62
37 0 1408 0.00 94.62
39 0 1408 0.00 94.62
40 0 1408 0.00 94.62
43 0 1408 0.00 94.62
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..............................  Taxa=DRUH BLACK . ..............................

Figure 12(cont'd ). Lengths o f  fish  landed commercially from g ill net gears, 1994-1996, taken in
the TIP sampling program. GEARDIS indicates the stretched m esh size o f  the gear. A ll species
with more than 50 length measurements from  gill net gears included.

Lengths of fish  from TIP samples

2 0 1408 0.00 94.62
10 0 1408 0.00 94.62
14 0 1408 0.00 94.62
15 * 2 1410 0.13 94.76
16 * ' 1 1411 0.07 94.83
17 * 2 1413 0.13 94.96
18 ***** 9 1422 0.60 95.56
19 ****** 11 1433 0.74 96.30
20 **** 8 1441 0.54 96.84
21 9 1450 0.60 97.45
22 ********* 18 1468 1.21 98.66
23 ***** 10 1478 0.67 99.33
24 *** 5 1483 0.34 99.66
25 0 1483 0.00 99.66
26 0 1483 0.00 99.66
27 0 1483 0.00 99.66
28 0 1483 0.00 99.66
29 0 1483 0.00 99.66
30 0 1483 0.00 99.66
31 0 1483 0.00 99.66
32 0 1483 0.00 99.66
33 0 1483 0.00 99.66
34 0 1483 0.00 99.66
35 0 1483 0.00 99.66
36 0 1483 0.00 99.66
37 0 1483 0.00 99.66
39 0 1483 0.00 99.66
40 0 1483 0.00 99.66
43 0 1483 0.00 99.66

2 0 1483 0.00 99.66
10 0 1483 0.00 99.66
14 0 1483 0.00 99.66
15 0 1483 0.00 99.66
16 0 1483 0.00 99.66
17 0 1483 0.00 99.66
18 0 1483 0.00 99.66
19 0 1483 0.00 99.66
20 * 1 1484 0.07 99.73
21 0 1484 0.00 99.73
22 • 1 1485 0.07 99.80
23 0 1485 0.00 99.80
24 • 1 1486 0.07 99.87
25 * 2 1488 0.13 100.00
26 0 1488 0.00 100.00
27 0 1488 0.00 100.00
28 0 1488 0.00 100.00
29 0 1488 0.00 100.00
30 0 1488 0.00 100.00
31 0 1488 0.00 100.00
32 0 1488 0.00 100.00
33 0 1488 0.00 100.00
34 0 1488 0.00 100.00
35 0 1488 0.00 100.00
36 0 1488 0.00 100.00
37 0 1488 0.00 100.00
39 0 1488 0.00 100.00
40 0 1488 0.00 100.00
43 0 1488 0.00 100.00

+----+-----+----+ -----+------ +------ +------ +-------+•
10 20 30 40 50 60 70 80 90
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...............................................................................  Taxe=HULLET STRIPED ..................................................................................

Figure 12(cont'd ). Lengths o f  fish landed com m ercially from gill net gears, 1994-1996, taken in
the TIP sampling program. GEARDIS indicates the stretched m esh size o f  the gear. A ll species
with more than 50 length measurements from gill net gears included.

Lengths of fish  from TIP samples

GEARDIS

3.50

3.75

4.00

4.25

Length in inches Cum. Cun.
Freq Freq Percent Percent

11 1 1 0.03 0.03
12 ** 19 20 0.63 0.67
13 ******* 67 87 2.24 2.91
14 185 272 6.18 9.08
15 207 479 6.91 16.00
16 178 657 5.95 21.94
17 81 738 2.71 24.65
16 **** 43 781 1.44 26.09
19 * 10 791 0.33 26.42
20 3 794 0.10 26.52
21 1 795 0.03 26.55
22 0 795 0.00 26.55

11 0 795 0.00 26.55
12 3 798 0.10 26.65
13 **** 35 833 1.17 27.82
14 94 927 3.14 30.96
15 175 1102 5.85 36.81
16 181 1283 6.05 42.85
17 122 1405 4.07 46.93
18 **** 38 1443 1.27 48.20
19 * 8 1451 0.27 48.46
20 3 1454 0.10 48.56
21 1 1455 0.03 48.60
22 1 1456 0.03 48.63

11 0 1456 0.00 48.63
12 2 1458 0.07 48.70
13 * 9 1467 0.30 49.00
14 **** 44 1511 1.47 50.47
15 164 1675 5.48 55.95
16 ******************************* 311 1986 10.39 66.33
17 2401 13.86 80.19
18 *************************** 272 2673 9.08 89.28
19 98 2771 3.27 92.55
20 ** 17 2788 0.57 93.12
21 * 5 2793 0.17 93.29
22 1 2794 0.03 93.32

11 0 2794 0.00 93.32
12 0 2794 0.00 93.32
13 0 2794 0.00 93.32
14 1 2795 0.03 93.35
15 * 13 2808 0.43 93.79
16 **** 39 2847 1.30 95.09
17 ******** 75 2922 2.51 97.60
18 ***** 52 2974 1.74 99.33
19 ** 17 2991 0.57 99.90
20 3 2994 0.10 100.00
21 0 2994 0.00 100.00
22 0 2994 0.00 100.00
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. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Taxa=HACKEREL SPANISH . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Figure 12(cont'd ). Lengths o f  fish landed commercially from gill net gears, 1994-1996, taken in
the TIP sampling program. GEARDIS indicates the stretched m esh size o f  the gear. A ll species
with more than 50  length measurements from gill net gears included.

Lengths of f ish  from TIP samples

GEARDIS Length in  inches Cun. Cum.
Freq Freq Percent Percent

3.50 12 ** 1 1 0.59 0.59
13 ** 1 2 0.59 1.18
14 ****** 3 5 1.76 2.94
15 10 15 5.88 8.82
16 ******** 4 19. 2.35 11.18
17 5 24 2.94 14.12
18 4 28 2.35 16.47
19 ** 1 29 0.59 17.06
20 ** 1 30 0.59 17.65
21 0 30 0.00 17.65
22 **** 2 32 1.18 18.82
23 0 32 0.00 18.82
24 0 32 0.00 18.82
25 0 32 0.00 18.82
26 0 32 0.00 18.82

3.75 12 0 32 0.00 18.82
13 0 32 0.00 18.82
14 0 32 0.00 18.82
15 0 32 0.00 18.82
16 *« 1 33 0.59 19.41
17 3 36 1.76 21.18
18 ** 1 37 0.59 21.76
19 4 41 2.35 24.12
20 ** 1 42 0.59 24.71
21 0 42 0.00 24.71
22 0 42 0.00 24.71
23 0 42 0.00 24.71
24 0 42 0.00 24.71
25 0 42 0.00 24.71
26 0 42 0.00 24.71

4.50 12 0 42 0.00 24.71
13 ** 1 43 0.59 25.29
14 ** 1 44 0.59 25.88
15 0 44 0.00 25.88
16 ** 1 45 0.59 26.47
17 0 45 0.00 26.47
18 3 48 1.76 28.24
19 ** 1 49 0.59 28.82
20 12 61 7.06 35.88
21 79 10.59 46.47
22 95 9.41 55.88
23 ****************** 9 104 5.29 61.18
24 ** 1 105 0.59 61.76
25 ** 1 106 0.59 62.35
26 0 106 0.00 62.35

4.75 12 0 106 0.00 62.35
13 0 106 0.00 62.35
14 0 106 0.00 62.35
15 0 106 0.00 62.35
16 0 106 0.00 62.35
17 0 106 0.00 62.35
18 ** 1 107 0.59 62.94
19 ** 1 108 0.59 63.53
20 5 113 2.94 66.47
21 ** 1 114 0.59 67.06
22 ** 1 115 0.59 67.65
23 0 115 0.00 67.65
24 ** 1 116 0.59 68.24
25 0 116 0.00 68.24
26 0 116 0.00 68.24
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. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Taxa=MACKEREl SPANISH . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Figure 12(cont'd). Lengths o f  fish landed commercially from gill net gears, 1994-1996, taken in
the TIP sampling program. GEARDIS indicates the stretched mesh size o f  the gear. A ll species
with more than 50 length measurements from  gill net gears included.

Lengths of f ish  from TIP samples

12 0 116 0.00 68.24
13 0 116 0.00 68.24
14 0 116 0.00 68.24
IS 0 116 0.00 68.24
16 0 116 0.00 68.24
17 0 116 0.00 68.24
18 •*** 2 118 1.18 69.41
19 •••* 2 120 1.18 70.59
20 3 123 1.76 72.35
21 **** 2 125 1.18 73.53
22 ******** 4 129 2.35 75.88
23 **** 2 131 1.18 77.06
24 ** 1 132 0.59 77.65
25 0 132 0.00 77.65
26 0 132 0.00 77.65

12 0 132 0.00 77.65
13 0 132 0.00 77.65
14 0 132 0.00 77.65
15 0 132 0.00 77.65
16 0 132 0.00 77.65
17 0 132 0.00 77.65
18 0 132 0.00 77.65
19 2 134 1.18 78.82
20 5 139 2.94 81.76
21 11 150 6.47 88.24
22 12 162 7.06 95.29
23 3 165 1.76 97.06
24 4 169 2.35 99.41
25 0 169 0.00 99.41
26 0 169 0.00 99.41

12 0 169 0.00 99.41
13 0 169 0.00 99.41
14 0 169 0.00 99.41
15 0 169 0.00 99.41
16 0 169 0.00 99.41
17 0 169 0.00 99.41
18 0 169 0.00 99.41
19 0 169 0.00 99.41
20 0 169 0.00 99.41
21 0 169 0.00 99.41
22 0 169 0.00 99.41
23 0 169 0.00 99.41
24 0 169 0.00 99.41
25 0 169 0.00 99.41
26 *• 1 170 0.59 100.00

+ — + — + — + — + — + — + — + — +
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. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Texe=FLOUNDER SOUTHERN . ...........................

Figure 12(cont'd ). Lengths o f  fish landed com m ercially from g ill net gears, 1994-1996, taken in
the TIP sampling program. GEARDIS indicates the stretched mesh size o f  the gear. A ll species
with more than 50 length measurements from gill net gears included.

Lengths of f ish  from TIP samples

GEARDIS

3.50

3.75

4.50

Length in inches Cun. Cun.
Freq Freq Percent Percent

9 * 1 1 0.12 0.12
10 * 1 2 0.12 0.23
11 0 2 0.00 0.23
12 0 2 0.00 0.23
13 0 2 0.00 0.23
14 0 2 0.00 0.23
15 0 2 0.00 0.23
16 0 2 0.00 0.23
17 0 2 0.00 0.23
18 0 2 0.00 0.23
19 0 2 0.00 0.23
20 0 2 0.00 0.23
21 0 2 0.00 0.23
22 0 2 0.00 0.23
23 0 2 0.00 0.23
24 0 2 0.00 0.23
25 0 2 0.00 0.23
26 0 2 0.00 0.23

9 0 2 0.00 0.23
10 0 2 0.00 0.23
11 0 2 0.00 0.23
12 0 2 0.00 0.23
13 0 2 0.00 0.23
14 0 2 0.00 0.23
15 0 2 0.00 0.23
16 0 2 0.00 0.23
17 0 2 0.00 0.23
18 * 1 3 0.12 0.35
19 * 1 4 0.12 0.47
20 0 4 0.00 0.47
21 0 4 0.00 0.47
22 0 4 0.00 0.47
23 0 4 0.00 0.47
24 0 4 0.00 0.47
25 0 4 0.00 0.47
26 0 . 4 0.00 0.47

9 0 4 0.00 0.47
10 0 4 0.00 0.47
11 0 4 0.00 0.47
12 0 4 0.00 0.47
13 0 4 0.00 0.47
14 0 4 0.00 0.47
15 0 4 0.00 0.47
16 0 4 0.00 0.47
17 0 4 0.00 0.47
18 0 4 0.00 0.47
19 * 1 5 0.12 0.58
20 * 1 6 0.12 0.70
21 0 6 0.00 0.70
22 0 6 0.00 0.70
23 0 6 0.00 0.70
24 0 6 0.00 0.70
25 0 6 0.00 0.70
26 0 6 0.00 0.70
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Figure 12(cont'd). Lengths of fish landed commercially from gill net gears, 1994-1996, taken in 
the TIP sampling program. GEARDIS indicates the stretched mesh size of the gear. All species 
with more than 50 length measurements from gill net gears included.

Lengths of fish from TIP samples
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Taxa=FLOUNDER SOUTHERN . ...........................

9 0 6 0.00 0.70
10 * 1 7 0.12 0.81
11 0 7 0.00 0.81
12 0 7 0.00 0.81
13 * 1 8 0.12 0.93
14 * 2 10 0.23 1.16
15 * 1 11 0.12 1.28
16 • 1 12 0.12 1.40
17 0 12 0.00 1.40
18 • 2 14 0.23 1.63
19 * 1 15 0.12 1.75
20 * 1 16 0.12 1.86
21 0 16 0.00 1.86
22 0 16 0.00 1.86
23 0 16 0.00 1.86
24 0 16 0.00 1.86
25 0 16 0.00 1.86
26 0 16 0.00 1.86

9 0 16 0.00 1.86
10 0 16 0.00 1.86
11 * 2 18 0.23 2.10
12 * 1 19 0.12 2.21
13 **• 5 24 0.58 2.79
14 ***** 10 34 1.16 3.96
15 18 52 2.10 6.05
16 ******* 14 66 1.63 7.68
17 9 75 1.05 8.73
18 *** 5 80 0.58 9.31
19 * 1 81 0.12 9.43
20 * 1 82 0.12 9.55
21 0 82 0.00 9.55
22 0 82 0.00 9.55
23 0 82 0.00 9.55
24 0 82 0.00 9.55
25 0 82 0.00 9.55
26 0 82 0.00 9.55

9 0 82 0.00 9.55
10 • 1 83 0.12 9.66
11 * 2 85 0.23 9.90
12 *** 5 90 0.58 10.48
13 17 107 1.98 12.46
14 182 8.73 21.19
15 268 10.01 31.20
16 327 6.87 38.07
17 50 377 5.82 43.89
18 23 400 2.68 46.57
19 *********** 21 421 2.44 49.01
20 **** 8 429 0.93 49.94
21 **** 8 437 0.93 50.87
22 * 2 439 0.23 51.11
23 ** 4 443 0.47 51.57
24 * 1 444 0.12 51.69
25 * 1 445 0.12 51.80
26 0 445 0.00 51.80
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Figure 12(cont'd ). Lengths o f  fish landed com m ercially from gill net gears, 1994-1996, taken in
the TIP sampling program. GEARDIS indicates the stretched m esh size o f  the gear. A ll species
with more than 50 length measurements from  gill net gears included.

Lengths of fish  from TIP samples

Texa=FLOUNDER SOUTHERN
9 0 445 0.00 51.80

10 0 445 0.00 51.80
11 ** 4 449 0.47 52.27
12 **** 7 456 0.81 53.08
13 19 475 2.21 55.30
14 39 514 4.54 59.84
15 71 585 8.27 68.10
16 48 633 5.59 73.69
17 ************** 28 661 3.26 76.95
18 14 675 1.63 78.58
19 *** 5 680 0.58 79.16
20 * 2 682 0.23 79.39
21 * 1 683 0.12 79.51
22 0 683 0.00 79.51
23 0 683 0.00 79.51
24 0 683 0.00 79.51
25 0 683 0.00 79.51
26 0 683 0.00 79.51

9 0 683 0.00 79.51
10 0 683 0.00 79.51
11 0 683 0.00 79.51
12 * 2 685 0.23 79.74
13 15 700 1.75 81.49
14 58 758 6.75 88.24
15 51 809 5.94 94.18
16 23 832 2.68 96.86
17 13 845 1.51 98.37
18 ***# 7 852 0.81 99.19
19 * 1 853 0.12 99.30
20 ** 3 856 0.35 99.65
21 0 856 0.00 99.65
22 0 856 0.00 99.65
23 0 856 0.00 99.65
24 0 856 0.00 99.65
25 0 856 0.00 99.65
26 0 856 0.00 99.65

9 0 856 0.00 99.65
10 0 856 0.00 99.65
11 0 856 0.00 99.65
12 0 856 0.00 99.65
13 0 856 0.00 99.65
14 0 856 0.00 99.65
15 0 856 0.00 99.65
16 * 1 857 0.12 99.77
17 0 857 0.00 99.77
18 0 857 0.00 99.77
19 0 857 0.00 99.77
20 0 857 0.00 99.77
21 0 857 0.00 99.77
22 * 1 858 0.12 99.88
23 0 858 0.00 99.88
24 0 858 0.00 99.88
25 0 858 0.00 99.88
26 * 1 859 0.12 100.00
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ENFORCEMENT DIVISION CASE REPORT-IANUARY 1997

REGION I

TOTAL CASES-58 WMA&REFUGES-2

7- Boatihg

8- Angling W/O A License

2-Fishing W/O Resident Pole License

2- Sell Or Buy Fish W/O Wholesale/Retail Dealer's License

6-Hunting W/O Resident License

1-Hunting W/O Non-Resident License

1-Bow Hunting W/O Bow License

1-Hunting W/O Moving Vehicle

1-Hunting W/Unplugged Gun

1-Possession Of Wild Quadruped W/O Permit

1-Hunt MGB W/O State Stamp

3- Hunt W/O Resident Big Game License

1-Hunt W/O Non-Resident Big Game License

! 5-Hunt Deer From A Public Road

1-Hunt Or Take Illegal Deer Open Season

1- Failure To Wear Hunters Orange

2- Hunt Raccoons Illegally

2- Hunt Ducks W/O Federal Duck Stamp

3- Hunt MGB Illegal Hours



Page (2)

3-Using Lead Shot In Zone Designated For Steel Shot

1- Failure To Abide By Rules And Regs. On WMA

2- Littering

2-Operate ATV On A Public Road

1- Discharge Firearm From Public Road 

CONFISCATIONS:

7 rifles, 2 doe deer, 4 ducks, 15 lead shot shells, 2 woodducks, 1 mallard drake. 

TOTAL OF EACH CATEGORY FOR REGION I:

7-Boating 

10-Sport Fishing

2- Commercial Fishing

23-Hunting 

10-MGB

REGION I CONT'D.

6-MISC.
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REGION 2

TOTAL CASES-86 WMA&REFUGES-2

6- Boating

7- Angling W/O A License

3-Hunting W/O Resident License

3-Hunting W/O Non-Resident License

1-Bow Hunt W/O Resident Bow License

1-Hunt W/O Non-Resident Big Game License

8- Hunt/Take Deer From Public Road 

6-Hunt From Moving Vehicle

1-Fail To Comply With Hunter Orange Regulations

1-Hunt MGB W/O State Stamp

1-Hunt With Unplugged Gun

1- Hunt From Public Road

5- Hunt Deer Illegal Hours

3-Take Deer Illegal Weapons

2- Possess Untagged MGB

2-Transport Completely Dressed MGB

6- Possess Over Limit Of Ducks

2-Possess Untagged MGB

2-Transport Completely Dressed MGB
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6-Possess Over Limit Of Ducks

1-Possession Marijuana

1-lllegal Spotlighting From Public Road

4-Littering

1- D.W.I.

2- Possess Drug Paraphernalia

4-Operate ATV Public Road

2-Driving Without Drivers License

4-Discharge Firearm From Public Road

8-Public Assistance 

CONFISCATIONS:

16 duck breast, 15 ducks, 4 deer, 2 lights, 1 ice chest, 5 guns, 1 marijuana cigarette, 2 

containers of paraphernalia.

TOTAL OF EACH CATEGORY FOR REGION 2:

REGION 2 CONT'D.

6-Boating 8-Public Assistance

7-Sport Fishing •

44-Hunting

10-MGB

15-Other

4-Littering
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REGION 3

TOTAL CASES-86 WMA&REFUGES-8

2-Boating

4-Angling W/O A License In Possession

2-Take Game Fish Illegally

2-Fail To Report Commercial Fish Data

1-Hunt W/O Resident License

1-Hunt W/O Non-Resident License

1-Poss. Wild Quadrupeds W/O Permit 

10-Hunt/Take Deer Illegal Hours

1-Take Illegal Deer Open Season

1- Take Non-Game Quadrupeds Illegally 

8-Hunt Deer From Public Road 

8-Hunt Deer From Moving Vehicle

2- Failure To Wear Hunters Orange

1-Hunt With Unplugged Gun

1-Possession Buckshot Closed Deer Season

1- Hunt Raccoons Illegally

6-Failure To Abide By Rules And Regs. On WMA

2- Hunt MGB W/O State Duck Stamp

2-Hunt MGB Illegal Hours



, Page (6)

1-Possession Over Limit Of Ducks ,

3-Take/Possess Robins No Season

1- Possess Non-Game Birds

2- Failure To Tag MGB 

1-Hunt MGB Unplugged Gun 

8-Use Lead Shot In Steel Shot Zone 

1-Hunt Ducks W/O Federal Stamp 

1-Littering
!

1-Operate ATV On Public Road

1- Simple Obstruction Of Highway Of Commerce

2- Reckless Operation Of Vehicle 

1-Improper Lane Usage

1- Failure To Dim Headlights

2- Resist Arrest By Flight

2-Criminal Trespass

2-Obstruction Of Justice

CONFISCATIONS:

1 bobcat, 2 deer, 7 mallards, 2 gadwall, 6 teal, 2 woodducks, 6 shovelers, 10 robins, 1 

woodpecker, 32 crappie, 1 pickup truck, 1 pair of boots, 7 guns, 4 spotlights, 1 receipt 

book, 39 rifle shells, 86 lead shot.

REGION 3 CONT'D.



P a g e (7)

TOTAL OF EACH CATEGORY FOR REGION 3:

2-Boating 1-Littering

2-Commercial Fishing 

6-Sport Fishing 

44-Hunting 

19-MGB

12-Other
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REGION 4

TOTAL CASES-101 WMA&REFUGES-21

1-Boating

1-Fishing W/O A Resident Pole License

3-Hunt With A Resident License

16-Hunt From A Moving Vehicle 

10-Hunt Wild Quadrupeds Illegal Hours

21-Hunt From A Public Road

1- Driving On Levees

9-Hunt Or Take Deer Illegal Hours

2- Hunt Or Take Illegal Deer Open Season

2-Hunt Or Take Deer Illegal Weapon

2-Possession Of Illegally Taken Deer Open Season

2-Possession Of Untagged Deer

5- Fail Comply With Hunter Orange Regs.

1-Hunt On DMAP Lands W/O Permit From Owner/Lessee

6- Hunt Raccoons Illegally

1- Failure To Comply With PFD Requirements

2- Hunt Ducks Or Geese W/O Federal Stamp 

1-Hunting MGB Over Bait

3- Possess Over Limit Of Ducks

8-Not Abiding By Rules And Regs. On WMA
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1- Littering

2- Flight From An Officer

3- Discharge Firearm From A Public Road 

CONFISCATIONS:

4 deer, 14 ducks, 5 spotlights, 10 rifles, 2 ice chests, 1 pistol, 1 flashlight, 2 bow laser. 

TOTAL OF EACH CATEGORY FOR REGION 4:

1-Boating 1-Littering

1-Fishing 

79-Hunting 

6-Federal

REGION 4 C O N TD .

13-O ther
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REGION 5

TOTAL CASES-127 WMA&REEUGES-1

3-Angling W/O A License 

1-Angling W/O A Non-Resident License 

1-Taking Illegal Size Black Bass 

1-Failure To Have Commercial License 

1-Take Comm. Fish W/O Commercial Gear 

1-Take/Possess Commercial Fish W/O Vessel

3- Sell And Or Buy Fish W/O Wholesale/Retail Dealers License

1- Failure To Maintain Records

2- Take Fish Illegally

1- Use Crab Traps W/O Required Markings

2- Violate Calcasieu Lake Regulations

4- Hunting Without A Resident License 

6-Hunting From A Moving Vehicle 

8-Hunting Wild Quadrupeds Illegal Hours 

1-Hunting From A Public Read

1-Possess Buckshot During Closed Deer Season

1- Possess Squirrels Closed Season

2- Hunting Without A Resident Big Game License 

2-Hunting Deer Illegal Method

1-Failure To Maintain Sex i.D.
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1-Hunting Raccoons Illegally 

1-Possess FBA W/O A License 

1-Take Non-Game Quadrupeds Illegally

9-Hunting MGB W/O Federal Stamp 

1-Hunting MGB With Unplugged Gun

16-Hunting MGB Illegal Hours

7-Hunting MGB From A Vehicle 

1-Possess Completely Dressed MGB

3-Wanton Waste MGB

13-Using Lead Shot In Steel Shot Only Zone 

1-Transport Illegally Taken MGB

1- Take Canadian Geese In Closed Area

3-Hunting Geese Closed Season

6- Possess Overlimit Of Ducks

2- Take Robins No-Season

7- Hunting MGB W/O State Stamp

3- Hunting MGB W/O Basic Hunting License 

2-Hunting MGB From Public Road

1- Illegal Possession Of Drugs

2- Illegal Spotlighting Public Road 

2-Littering

REGION 5 CONT'D.
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1-Other Than Wildlife Violations 

CONFISCATIONS:

1 trot line, 1 fish trap, 1 license plate, 93 sacks of oysters returned to water, 1 bag 

marijuana, 1 spotlight, 1 crab pot, 104 leadshot shells, processed deer meat and sausage, 

1 squirrel, 28 robins, 2 guns, 12 coon hides sold for $96.00, 1 eagle head, 5 rabbits, 6 

Canadian geese, 30 geese, 1 duck breast, 24 ducks.

TOTAL OF EACH CATEGORY FOR REGION 5:

6-Boating 2-Littering

! 15-Fishing 

100-Hunting

REGION 5 CONT'D.

4-O ther
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REGION 6

TOTAL CASES-130 WMA&REFUCES-1

18-Boating

1-Angling Without A License

1-Angling Without A Non-Resident License

1- Angling Without A Resident Pole License

2- Take Game Fish Illegally 

2-Use Illegal Mesh Nets 

7-Hunt Without Resident License

1- Failure To Abide By Commission Rules

14-Hunt From A Moving Vehicle 

12-Hunt Wild Quadrupeds Illegal Hours 

14-Hunt From A Public Road

2- Hunt MGB Without A State Stamp

3- Hunt Or Discharge Firearm From Levee Road

7-Hunt Deer Illegal Hours

3-Hunt Or Take Illegal Deer Open Season

1- Failure To Wear Hunters Orange

2- Hunt Raccoons Illegally

1-Failure To Hold Oyster Tag? For 60 Days

5-Possession Of Marijuana



Page (14)

1- Littering

2- Possession Of Drug Paraphernalia

4-Hunting Ducks/Geese Without Federal Stamp

3- Hunting MGB With Unplugged Gun

2- Hunt MGB Illegal Hour.

7- Hunting MGB From Moving Motorboat 

1-Possession Of Leadshot

8- Using Leadshot In Area Designated As Steel Shot Only

3- Wanton Waste Of MGB 

1-Taking Robins-No Season 

1-Hunt MGB Without State Stamp

CONFISCATIONS:

3 deer, 7 rabbits, 50 coots, 2 woodducks, 17 robins, 11 teal, 6 shovelers, 2 mallards, 4 

raccoons, 1 largemouth bass, 1 crappie, 1 buffalo, 1 shad, 4 carp, 9 guns, 5 lights, 126 

leadshot shells, 2-5 round clips, 31 rounds of .22 cal. Ammo,, 1 clip and 13 bullets, 8 

buckshot shells, 3 trucks, 1 DMAP doe tag, 1 marijuana cigarette, 3 plastic bags of 

marijuana, 2 packs of zig-zag rolling paper, 1 wooden box with brass pipe, 1 boat, 1 

motor, 1 gill net. #

TOTAL OF EACH CATEGORY FOR REGION 6:

18-Boating

REGION 6 CONT'D.

5-Sport Fishing
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REGION 6 CONT'D.

3-Commercial Fishing 

66-Hunting 

7-Misc.

1-Littering

30-Federal
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REGION 7

TOTAL CASES-149 WMA&REKUGES-3

13-Boating

22-Fish Without A Basic License

1- Fish Without Non-Resident License

3-Angling With No Pole License

2- Fish Without Saltwater license

1-Sell Shrimp Without Wholesale/Retail License

1-Fail To Maintain Records

8-Hunt Without Basic Resident License

3- Hunt Without Non-Resident License

1- Bow Hunt Without Archery License 

13-Hunt From Moving Vehicle

2- Hunt with Unplugged Gun

1- Possess Live Quadrupeds Without Permit

10-Hunt Wild Quadrupeds Illegal Hours

■ 3-Fail To Comply With Hunter Safety Regs.

2- Hunting Without Big Game License 

2-Hunt Without Non-Resident'Basic Licence 

7-Hunt Deer Illegal Hours

13-Hunt Deer From Public Toad
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6-Take Illegal Deer Open Season

5-Buying Or Selling Deer

17-Fail To Wear Hunters Orange 

1-Hunt Ducks Without Federal Stamp 

1-Hunt Ducks With Unplugged Gun 

1-Transport Completely Dressed Ducks

1- Hunt Ducks Without State Stamp

3- Not Abiding By Rules And Regs. On WMA

2- lllegal Spotlighting From Public Road 

2-Littering

1-Violation Of Sanitation Code-Oysters

1- Discharge Firearm From Public Road 

CONFISCATIONS:

1 raccoon, 7 deer, 7 guns, 3 lights, 1 gun case. 

TOTAL OF EACH CATEGORY FOR REGION 7: 

13-Boating 2-Littering

2- Commercial Fishing 

28-Sport Fishing 

93-Hunting

4- MGB

REGION 7 COIMT'D.

7-Other
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REGIONS

TOTAL CASES-172 WMA&REFUGES-20

18-Boating

20-Angling W/O A Basic License

1- Angling W/O A Resident License "

2- Angling W/O A Saltwater License 

1-Angling W/O A Non-Resident License

5-Buying Fish W/O A Wholesale/Retail Dealers License 

1-Transporting W/O Required License

1- No Commercial License

2- No Oyster Harvester License

1-Permit Unlicensed Person To Operate Commercial Vessel 

1-Permit Unlicensed Person To Operate Commercial Gear License 

1-Allow Another to Use Commercial License

1- Operating W/O Commercial License

2- Take/Possess Of Undersize Crabs

4-Fail to Maintain Records

1-Fail To Report Commercial Fish Data 

1-Fail To Mark Tag Nets 

1-Prepackaged Oysters 

1-Use Containers Of Another Oyster)
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4-Taking Oysters From The Stale

1- Buying Commercial Fish From Unlicensed Fisherman

2- Fail To Comply With Spotted Seatrout Regulations

3- Take/Possess Commercial Fish W/O Commercial Vessel License 

1-Take/Possess Undersize Red Drum

1-Take/Possess Undersize Black Drum 

1-Take Game Fish Illegal Methods 

1-Taking Red Drum Illegally W/Gill Net

5-Unattended Nets

1- Fishing W/O Commercial G^-.'r License

2- Commercial Fish W/O Commercial Gear License 

2-Commercial Fish W/O Commercial Vessel License 

2-Possess Gill Net in Saltwater Illegally

2-No Permit

4- Take Commercial Fish W/Pompano Strike Net VV/Excess Of 1200 Feet

5- Take Commercial Fish W/Non Approved Devices

1- Hunting From A Moving Boat

2- Hunters Taking Deer Illegal Hours 

2-Possess Firearm While Fragging

1-Resisting Arrest 

1-Battery On A Police Officer

REGION 8 CO N TD .
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1- Hunt Raccoons Illegally

2- Possess FBA W/O A Trappers License

17-Hunt Quadrupeds Illegal Hours

2-Hunting From A Public Road
/

4-Hunting From A Moving Vehicle 

1-Possess Game W/O A License

1- Driving W/O Operators License

6-Criminal Trespass : /

2- Trespass On DMAP Area W/Weapon

3- Hunting W/Unplugged Gun

4- Use Lead In Steel Shot Zone

1- DWI

2- Littering

1-Hunting W/O A Resident License

1- Hunting W/O A Big Game License

2- Failure To Wear Hunters Orange 

1-Take IBIS No-Season 

1-Hunting MGB Illegal Hours 

1-Possess Wildbirds W/O License

4-Wanton Waste OF MGB

3- Non Game Birds-No Season

REGION 8 CONT'D.
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5-Public Assistance 

2-Possess Overlimit Of Ducks 

CONFISCATIONS:

56 sacks of oysters, 8 V4 gallons of oysters, 198 speckled trout, 6 red drum, 22 black 

drum, 3 white bass, 13 boxes of crabs, 10 shotguns, 2 headlights, 1 battery, 1 

commercial license, 2 vessel license, 1 basic license, 1 saltwater license, 1 grebes, 1 

cormorants, 20 nutria, 15 rabbits, 1 deer, 21 ducks, 2 coots, 2 ibis, 5 teal, 8 pheasant 

load shells, 8 pheasant casings, 3 rifles, 1 spotlight, 1 boat, 1 motor, 1 invoice, 1 blood 

sample, 1 harvester license, 3 buckshot shells, 2 gill nets, 1 castnet, 4 strike nets, 2 

pagers, 1 cell phone, 1 bulleyes, 1 carrying bag, 2 headlights.

TOTAL OF EACH CATEGORY F O R  REGION 8:

18-Boating 2-Littering

41-Sport Fishing 5-Public Assistance

35-Commercial Fishing

23-Hunting

40-MGB

REGION 8 CONT'D.

13-Other
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SHRIMP ACTIVITY REPORT 

MONTH OF JANUARY 1997

COMPLAINTS

1. Shrimp activity for this moKh has been very low. The white shrimp crop has 

been disappointing, and there has been low effort. One complaint received- 

Undersized White Shrimp.

PATROLS

1. Due to hunting seasons and gill netting complaints, we put little effort into

targeted shrimp patrols. On regular saltwater patrols several shrimpers were 

checked for licenses and gear. Several boats were checked in the Venice area 

for undersized shrimp, but no violations were found.

INQUIRIES

1. We received fewer inquiries for TED information, which were referred to 

the LSU Cooperative Extension Service Fisheries Agent Gerald Horst.

We received a few calls regarding mesh size, shrimp size, net and frames 

size, license requirements, and other legal questions.

2.
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REGION 9

TOTAL CASES-232 WMA&REFUGES-6

23-Boating

19-Angling W/O A License 

2-Angling W/O A License Non-Resident

8- Angling W/O A Saltwater License 

2-Angling W/O Saltwater License Non-Res.

2-Fail To Have Saltwater Stamp 

,2-Possess Overlimit Of Red Drum

9- Possess Undersize Red Drum

1-Possess Undersize Spotted Sea Trout

10-Possess Undersize Black Drum

5-Possess Overlimit Of Black Drum 

1-Fail To Have Commercial License In Possession

1- Take Commercial Fish Without Commercial License

2- Take Commercial Fish Without Commercial Gear License

1- Take Commercial Fish Without Vessel License

2- Fail To Maintain Records

1-Transport Without Required License 

1-Illegal Shipping Of Commercial Fish 

1TUse Crab Traps Without Required Markings
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1-Failure to Mark/Tag Nets 

1-Possess Undersize Crabs Hard/Comm.

6- Taking Oysters From Unapproved Area 

1-Failure to Hold Oyster Tag For 60 Days 

1-Fail To Tag Sacked Oysters

4- Fail To Cull Oysters In Proper Location

9-Hunting W/O Resident License

5- Hunting W/Unplugged Gun

7- Hunting From Moving Vehicle

10-Hunt Wild Quadrupeds W/Artificial Light

6- Hunt From Public Road

1-Fail To Comply W/Hunter Safety Regs.

4-Take Rabbits Illegal Methods 

1-Possess Overlimit Rabbits

1- Hunt Without Resident Big Game License

3-Hunt Deer Closed Season

6-Hunt Deer Illegal Hours

2- Hunt Deer Open Season

2 Fail ToWear Hunters G range 

2-Hunt Raccoons Illegally

REGION 9 C O N TD .

1-Take O I L  Raccoons
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1-Dealing In Alligator Parts W/O Proper Parts License

9-Possessing F.B.A. Without License

5- Take Non-Game Quadrupeds Illegally 

1-Hunting Ducks W/O Federal Stamp

3-Hunting MGB With Unplugged gun

6- Hunting MGB Illegal Hours

1- Hunting MGB With Illegal Firearm

2- Wanton Waste Of MGB

11-Using Lead Shot In Area Designated Steel Shot 

1-Possess Overlimit Of Ducks

1- Hunting Gallinules Closed Season

2- Taking Robins-No Season

1-Taking Of Other Non Game Birds-No Season

1-Hunt MGB Without State Stamp

1-Not Abiding By Rules And Regs. On WMA

1-Use WMA Without A License

5-Criminal Trespass

1-lnterfering With An Officer

1-Filing False Public Records

1-Possession Of Firearm By Convened Felon

1-Simple Obstruction Of Highway Of Commerce

REGION 9 CONT'D.
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1-Flight From An Officer 

1-Driving W/O Operators License 

1-Reckless Operation Of A Vehicle

6-Violation Of Sanitation Code 

CONFISCATIONS:

350 lbs. Crabs, 89 sacks of oysters, 2 speckled trout, 1 cormorant, 20 gadwalls, 12 

robins, 9 gallinules, 2 scaup, 1 wood duck, 2 blue wing, 2 shovelers , 1 red head donated, 

9 coots, 5 raccoons sold for $5.00, 18 rabbits, 18 nutria sold for $39.25, 2 deer, 68 

black drum, 39 red drum, 75 feet of gill net, 1-1985 Chevy Pick-Up, 2 crab traps, 13 

shotguns, 1 scope, 1 boat, 1 battery charger, 1 flashlight, 1 eagle clip with 12 rounds, 4 

headlights with batteries, 1 Q Beam, shells and lead shot.

TOTAL OF EACH CATEGORY FO% REGION 9:

23- Boating 

60-Sport Fishing

24- Commercial Fishing 

60-Hunting

1-Alligator 

14-FBA 

30-MGB

REGION 9 C O N T D . ;

20-Other
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SAV.E.P.

52-BOATS CHECKED 

28-RUNNINC HOURS 

TOTAL CASES-7

1-Not Abiding By Commission rules And Regs. 

1-Obstruction Of Justice 

1-Theft Of Crab Traps 

1-Undersize Red Drum

1- Undersize Black Drum

2- No Basic Resident Fishing License

Rip Tide in Maintenance.



SEAFOOD INVESTIGATIVE UNIT: 

TOTAL CASES-43

7-Boating

10-Angling W/O Basic License 

2-Ahgling W/O Saltwater License 

1-Possession Of Undersize Red Drum

5-Fail To Maintain Records 

1-Buy Fish From Unlicensed Fisherman 

1-Failure To Hold Oyster Tags 

1-Failure To Tag Containerized Oysters

4-Fail To Report Commercial Fish Data

1- Possess Undersize Crabs

2- Fail To Comply With Trout Closure 

2-Hunt Ducks W/O Federal Stamp 

1-Hunt Ducks W/O State Stamp 

1-Hunt Ducks W/Steel Shot

1- Hunt From Moving Vehicle

2- Lacey Act

1-Possess Over Limit Of Ducks 

CONFISCATIONS:

Page (28)

100 crabs, 3 red drum, 6 ducks, 15 perch.
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SEAFOOD INVESTIGATIVE UNIT CONTD. 

TOTAL OF EACH CATEGORY FOR SIU:

7-Boating

13-Recreational Fishing 

17-Commercial Fishing

6-Hunting



OYSTER STRIKE FORCE 

TOTAL CASES-54

6-Failure To Have Wholesale/Retail Dealers License 

1-Take Oysters Without Commercial License

1- Take Oysters Without Oyster Harvester License

2- Failure To Maintain Wholesale/Retail Dealer Records

2- Shipping Oysters Without Proper Certification Number 

1-Failure To Refrigerate Oysters

4-Take Oysters From State Water Bottoms

3- Pre-Pack Oysters Without Proper Certification

1- Use Oyster Containers Of Another

2- Failure To Maintain Oyster Tags For 90 Days 

2-Take Oysters Off Private Lease

1- Violate Health Regulations-No Vessel Tarp 

1-Sell Untagged Oysters

1-Failure To Show Shippers Certification On Tags 

1-Possess Untagged Oysters 

1-Take Crabs Without A Commercial License 

1-Take Crabs Without A Gear License

1- Take Crabs with Untagged Crab Traps

2- Fish Without Non-Resident Basic License 

2-Fish Without Non-Resident Saltwater License

Page (30)
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OYSTER STRIKE FORCE CONT'D 

2-Possess Undersize Black Drum

2- Take Overlimit Of Red Drum

5-Take Undersize Red Drum

1- Hunting Without Resident License

3- Angling Without Basic License

3-Fish Without Saltwater License

2- Fish Without Marine Conservation Stamp 

CONFISCATIONS:

60 sacks of oysters, 10 % gallons oysters, 13 crabs, 2 crab traps, 21 red drum, 1 black

drum.
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SPECIAL STRIKE FORCE:

TOTAL CASES-48

8- Boating

3-Using Lead Shot In Steel Shot Zone

2-Hunting Ducks Without Federal Stamp

2-Hunt Without Resident License

1-Fail To Have Commercial License In Possession

1-Take Commercial Fish Without Vessel License

1-Hunt MGB Without State Stamp

1-Possession Buck Shot During Closed Deer Season

1-Possession Overlimit Ducks

1-Hunt Without Big Game License Resident

1- Hunt Without Big Game License Non-Resident

2- Hunt MGB Illegal Hours 

1-Hunting With Unplugged Gun

1- Hunting Without Federal License

11-Hunting From Moving Vehicle And/or Aircraft

2- Hunting Wiild Quadruped? And/Or Wild Birds Illegal Hours

9- Hunt From Public Road Or Road Right-Of-Way

7-Hunting Deer Illegal Hours

1-Possession Of Untagged Deer Meat

1-Hunt /Trap On DMAP Lands Without Permit From Owner/Lessee
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SPECIAL STRIKE FORCE CONTD.

2-Angling Without A Licence

1-Angling Without A Non-Resident License

1-Littering

1-Violate Calcasieu Lake Regulations

1-Take Commercial Fish W/O Commercial Gear License

CONFISCATIONS:

11 ducks, 4 rabbits, 2 headlights, 51 rounds of ammunition, 48 sacks of oysters
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TOTAL CASES WMA&REFUGES - 56

TOTAL CASES - 1293
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ENFORCEMENT AVIATION REPORT 
JANUARY. 1997

185-Amph. 
Hrs. -

61092
43.8

185-Float 
Hrs. -

70365
28.6

210 - 9467Y 
Hrs. - 29.2

Enforcement Hours - 77.4 

Other Divisions - 24.2 

Total Plane Use - 101.6

Cases Made in Conjunction with Aircraft Use Resulted in Citations 
being issued for:

4 - Take Oysters From Unapproved Area 

4 - Failure To Cull Oysters In Proper Location

1 - No Boat Registration

2 - Illegal Gill Net

1 - Undersized Catfish

3 - Hunt Wild Quadruped Illegal Hours 

3 - Hunt From Public Road

3 - Possess Furbearing Animal Without License 

21 - Total Cases

Confiscations: 40 Sacks Oysters, 40 Nutria, 1 Otter, 3 Boats,
4 Gill Nets
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MONTHLY CIVIL RESTITUTION REPORT

PERIOD NO. CASES AMOUNT CREDIT FOR NO. CASES AMOUNT DISCOUNTS
ASSESSED ASSESSED SALE GOODS PAID PAID TAKEN

FISCAL YEAR 1993-94

July, 1993 25 21,039 (9,778) 29 4,855 2,545
Aug., 1993 53 44,922 (U 3 7 ) 41 7,950 3,603
S ep t.1993 42 137,635 (17,938) 35 6,783 3,048
Oct, 1993 49 21,471 (11,282) 40 3,285 1,519
Nov., 1993 57 31,207 (13,260) 32 3,053 2,845
Dec., 1993 53 13,777 27 6,507 6,713
Jan., 1994 38 18,918 32 4,423 2,831
Feb., 1994 68 38,131 (8,238) 46 9,124 5,993
Mar., 1994 38 22,739 (2,482) 51 10,854 6,796
April, 1994 14 44,732 (1,404) 27 7,307 4,632
May, 1994 10 4,504 (165) 7 5,447 3,808
June, 1994 29 26,167 (2,986) 12 1,886 1,214

Total FY 1994 476 425,242 (68,670) 379 71,474 45,547

FISCAL YEAR 1994-95

July, 1994 17 2,127 (335) 23 2,101 1,437
Aug., 1994 41 96,403 (3,035) 20 1,010 605
Sept, 1994 34 14,614 (14,002) 26 2,596 2,342
O c t.1994- 94 17,426 (8,677) 38 2,922 3,179
Nov., 1994 43 103,592 45 3,992 2,803
Dec., 1994 68 31,400 35 4,315 2,329
Jan., 1995 55 27,601 52 7,493 4,921
Feb., 1995 70 61,119 41 6,472 3,973
Mar., 1995 31 . 25,072 44 8,315 4,737
Apr., 1995 13 15,353 16 3,565 1,538
May., 1995 23 11,632 16 4,315 654
June 1995 45 31,008 18 2,630 1,025

Total FY 1995 534 437,347 (26,049) 374 49,726 29,543

FICAL YEAR 1995-96

July, 1995 0 0
Aug., 1995 46 17,425 27 9,028 1,729
S ep t,1995 1 125 21 3,093 2,049
Oct. 1995 122 206,244 29 2,720 1,161
Nov., 1995 55 23,124 62 10,151 6,383
Dec., 1995 50 18,607 32 4,781 2,803
Jan., 1996 49 13,815 (15,296) 36 5,297 3,473
Feb., 1996 50 14,717 38 5,778 3,417
Mar., 1996 33 24,937 36 6,035 3,422
Apr, 1996 30 11,007 36 7,173 2,712
May., 1996 23 7,989 24 3,942 2,020
June 1996 50 22,151 16 2,790 1,182

Total FY 1996 509 360,141 (15,296) 357 60,787 30,350

Percent 
Dollars Paid

27.5%

18.1%

25.3%

FICAL YEAR 1995-96

July, 1996 40 71,894 32 5,250 2,948
Aug., 1996 32 5,363 32 6,255 3,784

Sept, 1996 41 7,210 29 2,260 1,327
Oct, 1996 29 11,093 25 3,698 2,262

Nov., 1996 20 10,009 22 1,625 698

Dec., 1996 13 238,466 22 5,877 2,122

Jan., 1997 27 11,755 17 4,393 2,377

Feb., 1997 

Mar., 1997 

Apr., 1997 

May., 1997 

June 1997

Total FY 1997 202 355,790 179 29,357 15,517 12.6%

Percent 
Cases Paid

79.6%

70.0%

70.1%

88.6%
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Lquipiana Department of Wildlife and Fisheries

News release
James H. Jenkins Jr. 

Secretary

97-21a

CONTACT
504/765-2923

2/3/97

FEBRUARY COMMISSION MEETING AGENDA REVISED 

The Wildlife and Fisheries Commission has revised the agenda for its next meeting,

scheduled for Thursday, Feb. 6, 1997, at 1 p.m.

The meeting, to be held in the Louisiana Room of Wildlife and Fisheries headquarters, 

2000 Quail Dr., Baton Rouge, is open to the public. The revised agenda follows.

1. Roll call.
2. Approval of minutes of January 9, 1997.
3. Resolution authorizing Commission chairman to act on real estate matters.

4. Notice of Intent: Spanish Lake Game and Fishing Preserve Commission 

regulations.
5. Declaration of Emergency: adjustment of the sack limit for oysters in Calcasieu and 

West Cove.
6. 1997 profiles and stock assessments of sheepshead, southern flounder, striped 

mullet and black drum.
7. Report on the effects of strike net fishing.
8. Enforcement and Aviation reports for January.
9. Division Reports.

a. Waterfowl hunting season report.
b. North American Symposium and Workshop.
c. Booker Fowler Fish Hatchery.
d. Triploid grass carp removal, Caney Lake.

10. Set June 1997 meeting date.

11. Public comments.
12. Adjourn.

-30-



February 3, 1997
NEWS RELEASE

APPROVED:
AMENDED AGENDA FOR COMMISSION MEETING /

The next regular public board meeting has been scheduled by 
the Commission for 1:00 P.M. on Thursday, February 6, 1997. in the 
Louisiana Room at the Wildlife and Fisheries Building, 2000 Quail 
Drive, Baton Rouge, LA.

1. Roll Call
2. Approval of Minutes of January 9, 1997
3. Resolution Authorizing Chairman to Act on Real Estate 

Matters
4. Notice of Intent - Spanish Lake Game & Fishing Preserve 

Commission Regulations
5. Declaration of Emergency - Adjust Daily Sack Limit for 

Oysters in Calcasieu Lake and West Cove
6. 1997 Profiles & Stock Assessments for Sheepshead, 

Southern Flounder, Striped Mullet & Black Drum
7. Report of Effects of Strike Net Fishing
8. Enforcement & Aviation Reports/January
9. Division Reports

a. Waterfowl Hunting Season Report
b. North American Symposium & Workshop
c. Booker Fowler Fish Hatchery
d. Triploid Grass Carp Removal, Caney Lake

10. Set June 1997 Meeting Date
11. Public Comments
12. Adjourn
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NEWS RELEASE
James H. Jenkins Jr. 

Secretary
97-21

CONTACT
504/765-2923

1/31/97

FEBRUARY COMMISSION MEETING SCHEDULED 
The Wildlife and Fisheries Commission will hold its next regular meeting on Thursday, 

Feb. 6, 1997, at 1 p.m. The meeting is open to the public and will take place at the LDWF 

headquarters located at 2000 Quail Dr., Baton Rouge.
The agenda follows:
1. Roll call.
2. Approval of minutes of January 9, 1997.
3. Notice of Intent: Spanish Lake Game and Fishing Preserve Commission 

regulations.
4. Declaration of Emergency: adjustment of the sack limit for oysters in Calcasieu and 

West Cove.
5. 1997 profiles and stock assessments of sheepshead, southern flounder, striped 

mullet and black drum.
6. Report on the effects of strike net fishing.
7. Enforcement and Aviation reports for January.
8. Division Reports.

a. Waterfowl hunting season report.
b. North American Symposium and Workshop.
c. Booker Fowler Fish Hatchery.

d. Triploid grass carp removal, Caney Lake.

9. Set June 1997 meeting date.

10. Public comments.

11. Adjourn.

-30-

This public document was printed at a  cost of $.2.94. Three hundred copies of this document were printed in this first and only printing. This 
document was printed by the Department of Wildlife and Fisheries, 2000 Quail Drive, Baton Rouge, LA 70808 to provide timely information 
about department programs for numerous interest groups and the general public. This document was printed in accordance with the printing 
standards for state agencies established pursuant to R.s. 43:31.



January 28, 1997

NEWS RELEASE
APPROVED: ___________

AGENDA FOR COMMISSION MEETING ^

The next regular public board meeting has been scheduled by 
the Commission for 1:00 P.M. on Thursday, February 6. 1997. in the 
Louisiana Room at the Wildlife and Fisheries Building, 2000 Quail 
Drive, Baton Rouge, LA.

1. Roll Call
2. Approval of Minutes of January 9, 1997
3. Notice of Intent - Spanish Lake Game & Fishing Preserve 

Commission Regulations
4. Declaration of Emergency - Adjust Daily Sack Limit for 

Oysters in Calcasieu Lake and West Cove
5. 1997 Profiles & Stock Assessments for Sheepshead, 

Southern Flounder, Striped Mullet & Black Drum
6. Report of Effects of Strike Net Fishing
7. Enforcement & Aviation Reports/January
8. Division Reports

a. Waterfowl Hunting Season Report
b. North American Symposium & Workshop
c. Booker Fowler Fish Hatchery
d. Triploid Grass Carp Removal, Caney Lake

9. Set June 1997 Meeting Date
10. Public Comments
11. Adjourn



am cs H . J e n k in s , Jr. 
Secretary

Department of Wildlife and Fisheries 
Post Office Box 98000 

Baton Rouge, LA 70898-9000 
(504)765-2800

January 28, 1997

M .J . "M ike" F o s te r  
G overnor

MEMORANDUM
TO:
FROM:
SUBJECT:

Chairman and Members of Commiss/LqjflU 
James H. Jenkins, Jr., Secreta: 
February Commission Meeting Agenda

m

The next regular Commission meeting will be held at 1:00 P.M. 
on Thursday, February 6, 1997. in the Louisiana Room at the 
Wildlife and Fisheries Building, 2000 Quail Drive, Baton Rouge, LA.

The following items will be discussed:
1. Roll Call
2. Approval of Minutes of January 9, 1997 

OFFICE OF WILDLIFE
(See Division Reports)

OFFICE OF FISHERIES
3. Notice of Intent - Spanish Lake Game & Fishing Preserve 

Commission Regulations
4. Declaration of Emergency - Adjust Daily Sack Limit for 

Oysters in Calcasieu Lake and West Cove
5. 1997 Profiles & Stock Assessments for Sheepshead, 

Southern Flounder, Striped Mullet & Black Drum
6. Report of Effects of Strike Net Fishing 

WINTON VIDRINE
7. Enforcement & Aviation Reports/January

An Li|u.il O|>|iorluiiily !*ini>l<>vvr
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Commission Meeting 
January 28, 1997

8. Division Reports
a. Waterfowl Hunting Season Report
b. North American Symposium & Workshop
c. Booker Fowler Fish Hatchery
d. Triploid Grass Carp Removal, Caney Lake

9. Set June 1997 Meeting Date
10. Public Comments

JHJ:sch
C: Clyde Kimball

Ron Couvillion 
Johnnie Tarver 
Craig Lamendola 
Don Puckett 
John Medica 
Division Chiefs



FA X  T R A N SM IT T A L

TO: Danny Babin

FAX#_____________________________
FROM Susan Hawkins______________

RE; February Commission Agenda

Please review the attached and give me a call at 
(504) 765-2806. Thank you.

DATE: January 27, 1997

TIME SENT______________________
FOR INFORMATION CALL (504) 765-2806
OUR FAX # (504) 765-2607
PAGES TO FOLLOW 2_________



MEMORANDUM
TO: Chairman and Members of Commission
FROM: James H. Jenkins, Jr. , Secretary
SUBJECT: February Commission Meeting Agenda

The next regular Commission meeting will be held at 1:00 P.M. 
on Thursday, February 6. 1997. in the Louisiana Room at the
Wildlife and Fisheries Building, 2000 Quail Drive, Baton Rouge, LA.

The following items will be discussed:
1. Roll Call
2. Approval of Minutes of January 9, 1997 

OFFICE OF WILDLIFE

OFFICE OF FISHERIES
3. Notice of Intent - Spanish Lake Game & Fishing Preserve 

Commission Regulations
4. Declaration of Emergency - Adjust Daily Sack Limit for 

Oysters in Calcasieu Lake and West Cove
5. 1997 Profiles & Stock Assessments for Sheepshead, 

Southern Flounder, Striped Mullet & Black Drum
6. Report of Effects of Strike Net Fishing 

WINTON VIDRINE
7. Enforcement & Aviation Reports/January
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8. Division Reports
a. Waterfowl Hunting Season Report
b. North American Symposium & Workshop
c. Booker Fowler Fish Hatchery
d. Triploid Grass Carp Removal, Caney Lake

9. Set June 1997 Meeting Date
10. Public Comments

JHJ:sch
C: Clyde Kimball

Johnnie Tarver 
Don Puckett 
John Medica 
Division Chiefs
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Jam ee H . Jen  la n e , Jr.
Secrete iy

Department of Wildlife and Fisheries 
Post Office Box 98000 

Baton Rouge, LA 70898-9000 
(504)765-2800

January 8, 1997

'■V-

M.J. "Mike" Foster 
G overno r

MEMORANDUM
TO:

FROM:
SUBJECT:

Deputy Secretary, Undersecretary, Assistant Secretary- 
Office of Wildlife, and Assistant Secretary-Office of 
Fisheri
James Jr., Secretary
Commission Meeting Agenda - February 6, 1997

Please write on the bottom of this memo and return to Susan 
Hawkins by Thursday, January 16th any agenda items your office may 
have for the Thursday, February 6th Commission Meeting to be held 
in Baton Rouge, Louisiana, at the Wildlife and Fisheries Building, 
2000 Quail Drive. This meeting will begin at 1:00 p.m. on February 
6th. If you do not have anything for the agenda, please return 
memo and indicate so on the bottom of this memo. We cannot add 
anything to the agenda that requires commission action after we 
have published the agenda in the state journal.

Resolutions and Notices of Intent should be included with the 
list of items to be placed on the agenda. Thank you for your 
cooperationi
JHJ/sch 1-13-97

cc: Commissioners
Don Puckett 
Winton Vidrine 
Hugh Bateman 
Bennie Fontenot 
John Roussel 
Wynnette Kees 
Karl Turner 
Lyle Soniat 
James Manning

SUSAN:
I would like to put the following Inland 
Fisheries Division reports on the Feb. 7th 
Commission Meeting Agenda:

1) Booker Fowler Fish Hatchery
2) Triploid Grass Carp Removal - Caney Lake.

THANKS,
BENNIE

A n Uquitl O pportun ity  hm ployer
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MEMORANDUM 
TO: Deputy Secretary, Undersecretary, Assistant Secretary- 

Office of wildlife, and^assistant Secretary-office of 
Fisheri

FROM:
SUBJECT:

James KMvenwns, Jr., Secretary 
Commission Meeting Agenda - February 6, 1997

Please write on the bottom of this memo and return to Susan 
Hawkins by Thursday. January 16th any agenda items your office may 
have for the Thursday, February 6th Commission Meeting to be held 
in Baton Rouge, Louisiana, at the Wildlife and Fisheries I Building, 
2000 Quail Drive. This meeting will begin at 1:00 p.m. on February 
6th. If you do not have anything for the agenda, please return 
memo and indicate so on the bottom of this memo. We cannot add 
anything to the agenda that requires commission action 
have published the agenda in the state journal.

after we

Resolutions and Notices of intent should be include< 
list of items to be placed on the agenda. Thank you 
cooperation!
JHJ/sch

commissioners 
Don Puckett 
Winton Vidrine 
Hugh Bateman 
Bennie Fontenot 
John Roussel 
Wynnette Kees 
Karl Turner 
Lyle Soniat

with the 
for your

tr
- / W

*Ll<. tfcsvr* JW f |o 9  
e f f s h *  uhJ-^s ASST.sEjfieTAsy
vjtrmile+H. fio*y. OFFICE OF

/&rf! - S' Mo (Xt**- -o
An Ei^wiI Opportunity Employer



J a m e s  H . J e n k in s ,  Jr.
S ecre tary

Department of Wildlife and Fisheries M J . "Mike" Foster
Post office Box 98000 Governor

Baton Rouge, LA 70898-9000 
(504)765-2800

January 8, 1997

MEMORANDUM
TO:

FROM: 
SUBJECT:

Deputy Secretary, Undersecretary, Assistant Secretary- 
Office of Wprl^dlife, and Assistant Secretary-Office of 
Fisheri
James Hy-tJ/erik/Lns, Jr. , Secretary 
Commission Meeting Agenda - February 6, 1997

Please write on the bottom of this memo and return to Susan 
Hawkins by Thursday. January 16th any agenda items your office may 
have for the Thursday, February 6th Commission Meeting to be held 
in Baton Rouge, Louisiana, at the Wildlife and Fisheries Building, 
2000 Quail Drive. This meeting will begin at 1:00 p.m. on February 
6th. If vou do not have anything for the agenda, please return 
memo and indicate so on the bottom of this memo. We cannot add 
anything to the agenda that requires commission action after we 
have published the agenda in the state journal.

Resolutions and Notices of Intent should be included with the 
list of items to be placed on the agenda, a Thank you for your 
cooperation! 1]
JHJ/sch
cc: Commissioners
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Karl Turner 
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1.0 INTRODUCTION

The southern flounder, Paralichthvs lethostioma. has been 
utilized as a food fish for ages. Since at least the Greek-Roman 
era about 2,000 years ago, it has been known that fish could be 
detected at night by employing an artificial light, allowing 
spearing of the fish (Warlen 1975) . Southern flounder, because of 
body shape, habitat, and predatory characteristics, are ideally 
suited for harvest in this fashion. Mcllwain (1978) described this 
fish as a highly prized food fish sought by both recreational and 
commercial fishermen with catches generally increasing from spring 
to winter each year.

Southern flounder appear well adapted for feeding on quick 
moving prey such as fish and shrimp which occur throughout the 
water column. Development of large optic lobes, large mouths with 
strong teeth, and stomachs with large storage capacities enhance 
their predatory feeding abilities (DeGroot 1971). They are more 
active at night, and are the dominant fish predator of brown shrimp 
(Penaeus aztecus) during spring in Galveston Bay (Minello et al. 
1989) .

The species is euryhaline (Deubler 1960), with young being 
more tolerant of fresh water and adults more frequently found in 
saline waters. Simmons (1957) found £. lethostioma and Paralichthvs 
albioutta (gulf flounder) at salinities of 60 ppt, although they 
were sharply limited by salinities above 45 ppt except in a 
landcut. Southern flounder have been recorded in Louisiana waters 
at salinities ranging from 0.0 - 30.0 ppt (unpublished data, and 
Ferret, et al. 1971)

Jordan and Gilbert (1883) and Ginsburg (1952) reported 
flounders approximately 30 inches {") in total length from 
Charleston, South Carolina. Hoese and Moore (1977) reported this 
species reached a length of three feet ('), while Pew (1966) found 
them to reach a weight of 26 pounds. Paralichthvs lethostioma 
reaches a maximum length between 305 to 508 millimeters (mm) (Nall 
1979). White and Stickney (1973) and Ginsburg (1952) referred to 
southern flounder as the largest bothid flounder of the Gulf coast 
or southern U.S.

The top ten large specimens recorded in Louisiana by 
recreational anglers ranged from 10 pounds, to 12 pounds 2 ounces, 
taken in 1969 (Louisiana Outdoor Writers Association 1991). 
Although larger fish are not common, some areas yield larger 
average size individuals, as evidenced by several fish exceeding 
five pounds taken from a landlocked canal in Terrebonne Parish, 
Louisiana (Adkins and Bowman 1976). These fish, however, were 
denied access to other areas and may have been much older than the 
norm.
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1.1 Overview of Fishery
The commercial fishery for southern flounder in Louisiana has 

historically been a supplemental or bycatch type fishery. Although 
some directed effort by fishermen using gigs is common in coastal 
Louisiana, the majority of southern flounder are harvested from 
shrimp trawls in state waters. Other gear types such as butterfly 
nets, gill nets, skimmer nets, and seines also take a significant 
number of fish, especially during the "fall run", when this species 
moves gulfward en masse in response to decreasing temperatures and 
spawning cues.

Reported southern flounder landings have fluctuated from 
approximately 261,700 pounds in 1965 to approximately 974,700 
pounds in 1994, averaging nearly 436,000 pounds for the past 30 
years. Dockside prices have gradually increased from approximately 
40C to' over $1.00 per pound in recent years.

Annual landings associated with this fishery were increasing 
slightly until 1994. Development of different gear types, a more 
directed fishery, or an increase in dockside value may have lead to 
increased harvest levels.

2
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2 . 0  SOUTHERN FLOUNDER BIOLOGY

Rogers et al. (1984) found that recruited southern flounder 
occurred in greatest numbers in northern Georgia estuaries, where 
river discharges were also highest. These recruits tended to move 
toward higher salinity waters as size increased. Herke (1971) also 
reported similar findings in Louisiana, and related gulfward 
movement to the onset of cooler weather, in addition to growth. 
Rogers et al. (1984) summarized findings that younger southern 
flounder were more numerous in lower salinity waters during spring- 
early summer (recruitment) while mid-salinity waters yielded larger 
fish later in the year. The species was described by Dahlberg 
(1972) as being more prevalent in low to mid salinities and 
oligohaline creeks, with the young being eurythermal in those 
areas. Prentice (1989) also found this species to occur in a 
variety of habitats along the Texas coast, as able to acclimate to 
either fresh or salt water.

Powell and Schwartz (1977) found individuals of a given year 
class abundant for about 18 to 20 months in North Carolina waters, 
following their mid-winter recruitment. They also reported 
southern flounder dominant at lower salinities and to exhibit more 
rapid growth in those areas, occurring in higher salinities only 
during colder months (December-February).

2.1 Taxonomy and Nomenclature
Ahlstrom et al. (1984) reviewed classification of this species 

by various authors, and Hensley and Ahlstrom (1984) have updated 
its classification. The consensus generally was that flatfishes 
could most easily be distinguished by the high degree of ventral 
fin asymmetry, absence of the preorbital on the blind side, and 
absence of the first neural spine.

The valid name for southern flounder is Paralichthvs 
lethostioma (Jordan and Gilbert 1883). The following synonymy is 
abbreviated from Jordan and Evermann (1898):

Platessa oblonaa. DeKay, 1842 
Pseudorhombus oblonaus. Gunther, 1862 
Chaenoosetta dentate. Gill, 1864 
Pseudorhombus dentatus. Goode, 1879 
Paralichthvs dentatus. Jordan and Gilbert, 1882 
Paralichthvs lethostioma. Jordan and Gilbert, 1884
Higher classification within this document follows that of 

Greenwood, et al. (1966). Taxa above superorder are not 
considered.

3
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Order: Pleuronectiformes 
Family: Bothidae

Genus: Paralichthvs
Species: Paralichthvs lethosticnna

The scientific name is derived from the Greek words 
Paralichthys meaning "parallel fish"; lethostioma means 
"forgetting" and "spot". The name assigned to this fish literally 
means a "parallel fish that forgot its spots" (Gowanloch 1933). 
This refers to the species habit of lying close to the bottom and 
its being uniformly colored, as opposed to other related flatfishes 
that generally possess spots.

‘Southern flounder is the name commonly accepted by the 
American Fisheries Society for £. lethostioma (Robins et al. 1991). 
Other common names include southern large flounder , mud flounder, 
halibut, plie (Louisiana French), southern fluke, lenguado 
(Spanish), and doormat (Gowanloch 1933; Ginsburg 1952; Breuer 1962; 
Hoese and Moore 1977; Reagan and Wingo 1985; Gilbert 1986) .

All species of Paralichthvs are relatively large, robust, 
darkish, left-eyed flatfishes with large mouths (upper jaw 
extending to or beyond posterior margin of eye) and well developed 
teeth. The bases of both pelvic fins are short and neither extends 
forward to the urohyal bone (Gilbert 1986).

The family Bothidae is represented in the Gulf of Mexico by 27 
species in 12 genera (Topp and Hoff 1972), and constitute the most 
speciose family encountered by Darnell and Kleypas (1987) , with a 
total of 23 identified species in the eastern Gulf region. Five 
species of Paralichthvs are known from the western North Atlantic, 
three of which are commercially important (Gutherz 1967) . Of 
these, southern flounder is by far the most common along the 
Louisiana coast (Norden 1966; Ferret et al. 1971; Adkins et al. 
1979). Separation of the various species was questioned until 
Ginsburg (1952) demonstrated the validity of the classification.

2.2 Distribution and Abundance
Smith (1907) and Jordan and Evermann (1898) stated that 

southern flounder ranged as far north as New York. However, based 
on specimens examined, the present species is not known to occur 
north of North Carolina (Ginsburg 1952). Music and Pafford (1984) 
reported a similar range of this species. The range of specimens 
studied by Ginsburg (1952) was from Edenton, Albemarle Sound, North 
Carolina to Corpus Christ! Pass, Texas. He noted the species to be 
common or abundant throughout this range. Reagan and Wingo (1985) 
caught southern flounder in bays and offshore of Alabama, 
Mississippi, Louisiana, and Texas from the barrier islands to the
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outer shelf, and on the inner shelf from Apalachee Bay to above 
Tampa Bay, Florida (Figure 1).

Topp and Hoff (1972) summarized information on relative 
abundance of Paralichthys species collected by the Hourglass 
Cruises (Figure 2). They reported that southern flounder had the 
most restricted latitudinal range of the genus, occurring from 
North Carolina to the Loxahatchee River, Florida, and on the Gulf 
coast from the Caloosahatchee Estuary, Florida to Corpus Christ! 
Pass, Texas. Southern flounder were reported to be more common in 
the western Gulf, west of the Mississippi River delta. The gulf 
flounder (P. albiautta)was more dominant east of the Mississippi 
delta, and occurred in greatest numbers along the Florida west 
coast (Simmons and Hoese 1959) .

In areas outside the Gulf of Mexico, salinity and substrate 
were reported to be the two major factors affecting distribution 
(Powell and Schwartz 1977). Norman (1934), Powell and Schwartz 
(1977), and Randall and Vergara (1978) reported this species within 
its range along the Atlantic and Gulf coasts fron North Carolina to 
Texas, to prefer muddy substrates in low salinity estuarine areas. 
In North Carolina, Wolff (1977) and Phalen et al. (1989) reported 
similar findings. They agreed that southern flounder were more 
often found in low salinity waters than their closely related 
species, £. dentatus and P. albiautta. Salinity regimes are easily 
utilized to determine ranges of these species. Gunter (1938) 
reported a harvest ratio of 7:1 (P. lethostioma : P. albiautta) 
when comparing estuarine waters of Texas to Gulf areas.

In North Carolina, southern flounder comprised 95.8% by number 
in the pound net catch of flounder (Wolff 1977) . It was described 
as one of the three species of flounder that constituted an 
extensive commercial and recreational fishery. Very few southern 
flounder were captured by trawls offshore, while substantial pound 
net catches were made; an indication of an estuarine preference and 
possibly of seasonal occurrence (Wolff 1977). Powell and Schwartz 
(1977) also found southern flounder to be most abundant in low 
salinity areas where clayey silt or organic-rich mud bottoms 
occurred in North Carolina.

In tagging operations in Georgia, Music and Pafford (1984) 
listed southern flounder as the fourth most frequently tagged fish, 
indicating a significant population. Substantiating this is a 
return rate by recreational fishermen that ranked flounder fourth 
following spotted seatrout (Cvnoscion nebulosus), black drum 
(Poaonias cromis), and red drum (Sciaenops ocellatus), 
respectively.

Ross (1991) found southern flounder in nearshore trawl samples 
collected in North Carolina only during November (N=103), December
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(N=2), and January (N=lll) in a study from October 1985 through 
March 1988. Fish caught averaged less than 2.5 kilograms (kg) 
each.
2.2.1 Distribution and Abundance. Louisiana

Ferret et al. (1971) found this species in 16-foot (4.5 m) 
trawl samples during April, June, and July, in coastal Louisiana. 
A catch per unit effort (CPUS) of 0.3 for this gear type was 
calculated. Ferret et al. (1971) collected 801 southern flounder 
with trawls and seines. They were most abundant immediately east 
of the Atchafalaya River, an area of low salinity. Over 50% of the 
total catch occurred during spring, while Fox and Mock (1968) 
collected more fish during summer months in Barataria Bay, 
Louisiana. Southern flounder numbers present in the Delta National 
Wildlife Refuge, Louisiana, peaked in late summer and early fall, 
with'an offshore migration beginning in the fall (Kelley 1965).

Czapla et al. (1991) reported southern flounder to be abundant 
throughout coastal Louisiana, common to abundant as adults, and 
generally abundant in other life history stages. They were also 
more often found in low to mid salinity areas in early life stages, 
and in mid to high salinity waters as juveniles and/or adults. 
Norden (1966) ranked southern flounder ninth in species abundance 
out of a total of 70,539 individuals while investigating Vermilion 
Bay, Louisiana. These fish comprised 0.4% of the total finfish 
composition. They were recorded during all months of the year 
except September, with March, July, and August, respectively, 
yielding the greatest numbers. He, and Simmons and Hoese (1959) 
remarked that southern flounder may be under-represented in samples 
due to gear avoidance.

Dunham (1972) observed that southern flounder occurred in 
greatest numbers in central coastal Louisiana; the Timbalier- 
Terrebonne Bay area. This area is characterized by relatively high 
salinities (20+ ppt) sandy-mud bottoms, and ready access to open 
Gulf waters. Fewest numbers were recorded from areas immediately 
east of the Mississippi River that are periodically subject to 
fresh water influence from the river and are distant from the Gulf. 
Gunter (1936) found southern flounder more numerous in inside than 
outside waters (109 vs 6) in Louisiana in 1932 and 1933.

Southern flounder ranked ninth numerically and third in 
weight, of fishes collected by Wagner (1973) from Caminada Bay, 
Louisiana. They ranged from 20-400 mm TL in size. They were 
reported from all areas of Louisiana during all months except 
October and January by Burdon (1978), with the majority captured 
from May through August. Juneau and Barrett (1975) collected 
southern flounder in 161 flat otter trawls at most stations during 
various times of the year in the Vermilion Bay area, averaging
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approximately 123.5 mm TL.
Tarver and Savoie (1976) recorded 26 southern flounder from 

16-foot (4.5 m) trawl samples taken in Lake Pontchartrain, 
Louisiana. Size ranged from 35-320 mm total length (TL) with a 
mean of 151 mm TL. These fish occurred at all stations from March 
through September 1973, February, March, and April 1974, and again 
from June through August, with a CPUS of 0.1. Davis et al. (1970)
reported similar patterns of occurrence from Lake Pontchartrain 
studies. Laska (1973) collected southern flounder during all 
months of sampling and in all habitat types in his study of the 
Chandeleur Islands, Louisiana. Suttkus et al. (1954) and Tarver 
and Savoie (1976) sampled fish populations in Lake Pontchartrain 
utilizing seines,- they recorded a CPUE of 0.3 and 0.2, 
respectively, for southern flounder in this gear.

Nall (1979) reported southern flounder seasonally distributed 
from deep (up to 3601 ) Gulf waters to shallow estuaries. This 
species has been found in large numbers several miles upriver from 
the mouths of the Mississippi and Atchafalaya Rivers in Louisiana 
(personal observation). Dunham (1972) reported that annually, 
between October and December, many large flounder are taken from 
the Mississippi River during low river stages. Darnell et al. 
(1983) found larger concentrations of this species in relatively 
deep water west of the Mississippi River and shallow waters just 
offshore of Texas (Figure 3).
2.2.2 Distribution and Abundance. Gulf of Mexico

Southern flounder have been reported from the Gulf coast of 
the United States, between the Caloosahatchee estuary, Florida 
(Topp and Hoff 1972) to Texas (Norman 1934; Randall and Vergara 
1978), and as far south as northern Mexico (Hoese and Moore 1977; 
Manooch 1984; and Shipp 1986). The species prefers muddy 
substrates in low salinity estuarine areas (Powell and Schwartz 
1977) . Ginsburg (1952) reported that this species prefer a mud 
bottom, and generally is found along shores in bays, sounds, and 
lagoons in relatively shallow water. Nall (1979) stated £. 
lethostioma were more prevalent in the western Gulf of Mexico, 
where waters were normally more muddy and fresher.

Christmas and Waller (1973) stated this species was taken in 
all months except November in Mississippi waters. It was reported 
to be the most common flounder of the area. Darnell (1985) 
reported on fish found in the Tuscaloosa Trend study area; the 
continental shelf seaward of the barrier islands, including the 
coastal waters of eastern Louisiana, Mississippi, and Alabama. 
Southern flounder was not abundant in collections from this area; 
only .03% of the total fish catch was composed of this species, and 
those specimens were collected from water depths ranging from 7-99
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m at stations west of Mobile Bay, Alabama. The majority were 
captured at shallow depths (<19 m) and the species was more often 
collected during fall months. He surmised that there was a 
resident population of older individuals on the shelf.

Darnell and Kleypas (1987) also provided distribution 
information in the northern Gulf of Mexico, including eastern 
Louisiana (Figure 4). Most specimens [62.2 percent (%)] were 
collected in summer, and most were taken at depths less than 50 
meters (m), although some were taken as deep as 99 m.

Gunter (1945) captured southern flounder during all seasons in 
Texas bays, but only during March and April in the Gulf. Fish 
examined ranged from 17 to 490 mm in total length (TL) , from waters 
ranging from 9.9 degrees centigrade (<>C) to 30. So q , and 2.0 ppt to 
3 6.2 ppt salinity range. Very few were taken from waters above 
25.0 ppt, indicating a preference for estuarine waters.

Swingle (1971) found southern flounder collected in the Mobile 
Delta most abundant in May, June, and July, and noted these fish 
were equally distributed from fresh water to salinities of 30 ppt.

2.3 Morphology
2.3.1 Eaas

Eggs of southern flounder are pelagic, and each female may 
produce approximately 100,000 eggs during the entire spawning 
season (Benson 1982). Norman (1934) reported eggs to be pelagic, 
buoyant, and containing a single oil globule in the yolk. The eggs 
are spherical, having a rigid shell (Smith 1973 and Ward et al. 
1980).. Recently released eggs examined by Renders on-Arzapalo et 
al. (1988) had mean diameters of 0.92 mm and all appeared normal.
Nall .(1979) reported that females mature in their fourth or fifth 
year of life, may live for 10 years (as determined in a Florida 
study) , and may spawn more than once each year during this time 
period. Nall's ageing technique, however, has been challenged by 
later research. Stokes (1977) indicated the species matured at two 
years of age in Texas.
2.3.2 Larvae

Terminology of developmental stages is generally patterned 
after those proposed by Hubbs (1943). Larval refers to stages from 
hatching to development of juvenile characters. Postlarval is that 
portion of development after hatching and absorption of the yolk, 
through the beginning of differentiation of fin rays.

.Southern flounder begin life, as do all Pleuronectiform
8
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fishes, with one eye on each side of the body. The eyes are 
symmetrical in larvae and one eye migrates to the other side of the 
body during metamorphosis (Ahlstrom et al. 1984) . The migrating 
eye moves over the mid dorsal ridge anterior to the origin of the 
dorsal fin (Gutherz 1970). The right eye of the southern flounder 
begins migrating toward the left side of the head when the fish is 
approximately 8 - 1 3  mm (1/3 - 1/2") TL (Ahlstrom 1984) . At the 
same time, the left side of the body begins to accumulate 
pigmentation while the right side loses it and turns white; typical 
of left-eyed flounder. This metamorphosis is generally complete at 
sizes of 19 - 25 mm (3/4 - 1") (Smith 1981) , after which fish 
remain on or near the bottom. Hildebrand and Cable (1930) reported 
metamorphosis complete at 26 mm TL. Most bothids have a swim 
bladder during the larval stage.

Figure 5 shows the development of larval Paralichthvs spp. as 
described by Hildebrand and Cable (1930) . They were unable to 
separate larvae of the three Paralichthvs species in their study 
area, so their descriptions may include stages of different 
species. Larvae 2.5 mm in length have an enlarged head with a 
prominent hump over the eyes which encloses the brain, a deeply 
compressed body, and a long slender tail. No dramatic change 
occurs as it grows through the 4 mm stage except for rows of dark 
spots which form on the ventral edge of the abdomen and the 
beginnings of a small fin are evident on the nape. This small fin 
serves as a recognition mark as larvae metamorphose from the 4 mm 
through the 12 mm stages. By 6 mm in size, the occipital hump has 
begun to disappear as the brain is now enclosed in the cranium, and 
the small fin on the nape is well developed. At 7 mm in length, 
the body is more definitely compressed and the right eye is now 
slightly higher than the left as it begins to migrate towards the 
left side of the body. The caudal fin is more fully developed and 
rays are appearing in the dorsal and anal fins as they also show 
signs of development. At 8 mm in length, the fish is beginning to 
look more like a flounder: it is much more compressed and the 
right eye has progressed in its migration to the point where it is 
near the dorsal ridge and is now partly visible from the left side. 
At this stage, pigmentation is identical and equal on both sides of 
the body with a few chromatophores present on each side of the 
body. At 11 mm in length, the right eye is fully on the ridge of 
the head and pigmentation on the left side of the body is more 
fully developed and appearing as faint crossbars, while 
pigmentation on the right side remains unchanged. At 16 mm in 
length, both eyes are now on the left side of the head and the fish 
is beginning to look more like an adult. Pigmentation is more 
pronounced with numerous chromatophores on the left side of both 
the body as well as the fins. However, Hildebrand and Cable (1930) 
indicated that live fish of 16 mm and even larger can remain 
surprisingly transparent and difficult to see in samples.
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The larval description given by Hildebrand and Cable (1930) 
was based on flounder collected on the east coast and, as Gutherz 
(1970) indicated, one of the problems encountered in dealing with 
larval flatfish is the fact that larvae which have been collected 
over a wide geographic range and a long period of time may show 
varying rates of development between different stages. Problems 
may also have been due to mis identification of specimens by 
Hildebrand and Cable (1930).

Arnold et al. (1977) reported that southern flounder larvae 
began metamorphosis at 40-46 days (8-11 mm TL), completing 
developmental change at 50-51 days. After metamorphosis, southern 
flounder fingerlings become completely demersal. At 26 mm in 
length, the body shape is very similar to that of an adult. The 
ventral line is not yet rounded as much as it will be in the adult 
stage, and the diameter of the eye is now about equal to the snout 
length whereas it was much longer at the 16 mm stage of 
development.

According to Gutherz (1970), "characters that can be used to 
identify bothid larvae fall into two categories: (1) transitory, 
those which are present during part or all of the larval period but 
eventually are lost and (2) permanent, those which develop during 
the larval period and are retained in the juvenile and adult 
stages". He described transitory characters as larval 
pigmentation, elongate fin rays, and head and body spination. 
Permanent characters would include meristic counts, the placement 
of pelvic fin bases and fin rays, and the arrangement of the caudal 
fin rays with relation to the bones of the hypural plate. Powell 
and Henley (1995) separated southern and gulf flounder larvae based 
on pigmentation, spination, and meristic counts. They indicated 
that cranial spines appeared to be diagnostic in separating early- 
preflexion larval forms, as southern flounder have three cranial 
spines and gulf flounder have less than three. None were observed 
on postflexion larvae of either species but gulf flounder were more 
developed than the southern flounder at any given length.

Deubler (1958), working in North Carolina, used pigmentation 
to differentiate southern flounder postlarvae from summer flounder 
(P. dentatus) and gulf or "sand" flounder. His postlarvae included 
individuals that had completely absorbed the yolk sac but had not 
yet developed the species' definitive characteristics. He 
described 9 - 1 5  mm SL postlarvae of summer flounder as having "a 
well defined band of black pigment along the border of the anterior 
four-fifths of the dorsal fin, and of the anterior two-thirds of 
the anal fin" . Southern flounder and gulf flounder lack this 
pigmentation. He noted that the number of vertebrae could also be 
used in the late postlarval stage to separate southern from summer 
flounder: southern flounder normally has 37 or 38 vertebrae while 
summer flounder has 40 to 42. He reported that postlarvae of
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southen flounder and gulf flounder were more difficult to separate 
since there were no significant differences in pigmentation and the 
vertebral counts are the same. The number of dorsal and anal rays 
can generally be used to separate postlarval southern and gulf 
flounders after fin rays have developed completely (Table 1). He 
observed that no one characteristic can be used to definitively 
separate southern flounder postlarvae from gulf flounder postlarvae 
but rather a combination of characters is sometimes necessary to 
correctly identify postlarvae of these two species.
2.3.3 Juvenile

Juvenile flounder are generally not distinguishable from 
adults except for size and maturity (Hoese 1965). Southern 
flounder were considered juveniles by Stokes (1977)# Etzold and 
Christmas (1979) , and Nall (1979) from about 11-300 mm TL (0.4- 
11.8"). At larger sizes, females may become gravid. Hildebrand 
and Cable (1930) described specimens of Paralichthvs spp. 77 mm in 
length as having the fully formed shape of the adult with the body 
completely scaled and with variable pigmentation. The eye had 
decreased in size in relation to snout length and the mouth had a 
more upward and forward curve.

Woolcott et al. (1968) studied skeletal characteristics that 
could be used to differentiate the young of southern, summer, and 
gulf flounder found along the southeastern Atlantic coast. 
Ginsburg (1952) first separated these three species based on gill 
raker, anal, and dorsal fin ray counts. The findings of Woolcott 
et al. (1968) , based on 149 specimens 10-130 mm in length, 
indicated that these characteristics, along with vertebral counts 
and lateral-line scale counts could be used to separate the three 
species (Table 2). Summer flounder had the greatest number of 
gill rakers on the lower limb of the first gill arch. They also 
used gill rakers in combination with the number of dentary teeth to 
separate the three species, especially the summer flounder which 
had a larger number of teeth than the other two. Lateral-line 
scale count was also highest in summer flounder and lowest in gulf 
flounder. Use of anal fin ray counts in conjunction with vertebral 
counts yielded a 100% separation of all three species.

By the time most fish are 50 mm TL, they have acquired most of 
the adult skeletal characteristics. Although ranges of counts 
given by Woolcott et al. (1968) in Table 2 are somewhat different 
from the ranges derived by Deubler (1958) (Table 1) for postlarvae 
of these three species, the counts are similar enough to be useful 
in separating these three species when used in combination. Even 
though ranges of counts for these characteristics may differ among 
various authors, this method may be applied individually or in 
combination to separate the young of these three species prior to 
development of coloration (as the three spots normally found in the
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gulf flounder are not always evident).
2.3.4 Adult Morphology

Verifiable or consistent characteristics by which to 
distinguish Paralichthvs spp. are meristic, although the extent of 
intraspecific variations in these characters is considerable 
(Ginsburg 1952). In order to distinguish the three common eastern 
species {£. albiautta. £. lethosticrma. and £. dentatus) , gill
rakers, anal rays, dorsal rays, and lateral line scales must be 
counted. Ginsburg (1952) provided a means of separating £. 
albiautta. £. lethostioma. and £. dentatus by differences in gill 
rakers, anal and dorsal ray counts, or by a combination of these 
factors. Cycloid or ctenoid characteristics of scales are also 
significant in separating Paralichthvs spp.

..Ginsburg (1952) discusses these and other characteristics in 
detail, as follows (all length measurements are in mm TL).

"Diagnosis.--Scales cycloid on both sides at all 
ages; 52 to 74, nearly all individuals falling in the 
range between 56 and 67, the mode at 60. Accessory 
scales rather sparse, sometimes numerous in large 
specimens (although not quite so many as in dentatus or 
albiautta) . usually beginning to appear in specimens 110 
to 120 mm in length, sometimes very few present in much 
larger fish. Total number of gill rakers on first arch 
ranging 10 to 13, nearly all having 11 or 12 fthese two 
numbers occurring with approximately equal frequency); 
nearly always two on upper limb, infrequently three; 
eight to 11 on lower limb, nearly all specimens having 
nine or 10. Anal rays 63 to 73, the mode at 69 (77 in 
.one specimen); dorsal 80 to 95. Pectoral rays 12 in the 
'majority of fish, frequently 11, sometimes 13 (12 on both 
.sides in six; 11 on both sides in two; 12 on eyed side 
'and 11 on the other in two; 13 on eyed side and 12 on the 
other in one; none on eyed side and 11 on blind side in 
one, the last evidently being abnormal in this respect) . 
Vertebrae 10 or 11 + 27 (in two specimens). Origin of 
dorsal usually somewhat in front of anterior margin of 
eye in large fish and somewhat behind anterior margin in 
specimens under 100 mm. Posterior extremity of maxillary 
reaching to a vertical through posterior margin of pupil 
in specimens of about 35 mm, through posterior margin of 
eye at about 50 to 100 mm, past eye in specimens over 100 
mm. Interorbital rather wide, becoming markedly broad in 
large fish, conspicuously more so than in related 
species. Body becoming deep in large individuals. 
Sinistral."
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"Color.--Body irregularly shaded with darker and 
lighter. The five longitudinal rows of spots more or 
less evident, usually diffuse, blending more or less with 
the darker shadings, and tending to disappear entirely in 
large individuals. None of the spots ocellated. 
Sometimes the spots are saliently distinct in specimens 
up to about 150 mm, and in such individuals the three 
spots forming the large triangle are most prominent as in 
albigutta. but they are not ocellated. The relative 
intensity of the shadings on the body is subject to great 
variation as in related species; some specimens being 
very light all over, especially in life, and others being 
very dark. After being landed, specimens of this species 
usually have whitish spots irregularly snowed over the 
body; these usually disappear after the death of the 
fish, but are sometimes present also in preserved 
specimens."

"Small fish, between 20 and 45 mm, show 
characteristic groups of chromatophores, each group 
consisting of a blotch-like concentration of minute 
pigment dots interspersed with coarser chromatophores. 
This grouped concentration of chromatophores gives a 
gross appearance of blotches which may be somewhat 
coalescent. The coarser chromatophores may be also 
scattered between the blotches, but they are especially 
concentrated on them. The characteristic appearance of 
these groups is well shown in Hildebrand and Cable’s 
figure 88 [Figure 5, in this profile, 26 mm specimen], 
although in most specimens they are not so saliently 
prominent. One group on the midline, about two-thirds of 
the distance from the gill opening to the base of the 
caudal and two others near the angle of the curve in the 
lateral line, one above and one below, tend to be most 
prominent. The three most prominent groups are in the 
same position as the three ocellated spots in albigutta. 
that is they form the characteristic large triangle of 
related species, but these spots in the young of 
lethostioma are not ocellated. The young of lethostioma. 
of about 20 to 40 mm, have the color pattern very similar 
to those of dentatus of the same size; but after the 
material is properly separated some small differences 
become apparent which are typical of lethostioma. The 
two spots at the posterior ends of the subdorsal and 
supra-anal rows are not as prominent as in dentatus: the 
coarse chromatophores that overlay the dark blotches in 
groups, are characteristically more numerous in 
lethostioma: the other blotches on the body, in addition 
to the three most prominent ones, are usually more 
distinct than in dentatus. In lethostigma the other
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blotches are sometimes of nearly equal intensity as the 
three forming the large triangle."

"In still smaller individuals, 13 to 20 mm, the 
groups of chromatophores are more diffuse and so arranged 
that they sometimes suggest broad cross bands. At about 
that size, specimens of albigutta resemble somewhat those 
of lethostigma. Specimens of 50 mm or over generally
have the color pattern of large fish. "

“Size.--This is the largest flounder on the coast of 
the southern states. Fish brought to the market by 
giggers are usually between 12" and 20". The largest 
‘examined is an individual 26" (660 mm), including the
'caudal fin, from Beaufort, North Carolina. Jordan and 
'.Gilbert (1883, p. 617) report a maximum length of 30" at 
Charleston, South Carolina. However, in view of the 
paucity of records, it is quite possible that the species 
attains a considerably larger size."

"Distinctive characters and relationship.--On the 
Gulf coast and the east coast of Florida where alhigutta 
is common, this species may be readily distinguished, as 
a rule, by its distinctive color, all of the spots being 
diffuse, none especially prominent and not definitely 
ocellated. Doubtful specimens are separable by the 
combination of higher fin ray and scale counts. In the 
northern part of its range. North Carolina to northern 
Florida, where dentatus also occurs, 1ethnstioma may be 
distinguished from that species by the lack of ocellated 
spots, and more especially by the fewer gill rakers there 
being no intergrading individuals with respect to this 
character, as between these two species. A count of the 
‘gill rakers on the first arch will positively distinguish 
lethostigma and dentatus in every case. From the deep 
water squami lent us. this species may be distinguished by 
the depth of the body aided by the fewer gill rakers and 
other characters. £. lethostigma also has a wider 
inter'orbital than the other three species, except in the 
small specimens. "

The following description was taken from Gutherz (1967) in 
which he used a combination of specimen examinations and literature 
review:

"Dorsal fin rays 80 to 95; anal fin rays 63 to 74; 
pectoral fin rays on ocular side 11 to 13; gill rakers 
two or three (usually two) + 8 to 11 (usually nine or 
10); scales in lateral line 85 to 100; vertebrae 10 or 11 
+ 27 or 28. Body depth 39 to 47% SL; head length 24 to
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34% SL; eye diameter 15 to 19% HL (decreasing with 
increasing size); upper jaw length 47 to 51% HL, 
extending posteriorly to a vertical through posterior 
margin of pupil on specimens about 35 mm SL, through 
posterior margin of eye on specimens between 35 to 100 mm 
SL, and beyond posterior margin of eye on specimens over 
about 100 mm SL. Ocular side light to dark brown, with 
diffuse nonocellated spots and blotches which tend to be 
absent in large specimens. Blind side immaculate or 
dusky. "
Delamater and Courtenay (1974) found all species of 

Paralichthvs to have accessory scales. These appear rather late in 
the life of the fish: 110 - 120 mm TL, according to Ginsburg 
(1952)z and appear to be a late evolutionary acquisition. Because 
of the late appearance, usefulness is limited. This character has 
been neglected by authors, and it is difficult to appraise its 
value for separation of species.
2.3.4.1 Coloration

Juvenile and adult flatfish normally are pigmented only on the 
upper body surface. It has been postulated that this pigmentation 
is due to the action of light on the upper surface with the lower 
surface normally lacking pigmentation as a result of the lack of 
exposure to light (Gowanloch 1933). This species also has the 
ability to modify color patterns to coincide with its environment. 
Commonly known as "camouflage", this process was investigated and 
described by Saidel (1978) who discussed the location and 
functioning of melanophores and iridiophores within the skin of the 
fish. He speculated that adaptation to background reflectance and 
texture contrast, in conjunction with the dorsal and ventral fin 
structures provide sufficient camouflage.
2.3.4.2 Anomalies

Ambicoloration and partial or complete albinism are other 
flatfish abnormalities, (Hoese and Moore 1977). Dawson (1967) 
described two southern flounder with partial albinism and 
osteological anomalies and abnormalities. He believed this was due 
to wounds or adverse environmental factors when postlarvae or 
younger. Dawson (1969) reported a nearly total ambicolorate 
southern flounder.with a hooked dorsal fin and partially rotated 
eye from Mississippi Sound. Another specimen from this area 
exhibited a combination of me Ian: cm and albinism and xanthoch.rcmi?;::; 
(golden-yellow coloration). Gartner (1986) described three 
southern flounder possessing partial ambicoloration and postulated 
depth of occurrence might be linked to abnormality frequency since 
it appears in families of flatfishes which inhabit shallow coastal 
waters (<5 m depth). He believed causative factors were
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temperature and light, probably induced during larval development. 
Powell and Schwartz (1977), using radiographic examinations on 
totally ambicolored £. lethostioma, found they possessed atypical 
osteological structures in the orbital region and "hooked" dorsal 
fins while incomplete ambicolorates manifested no structural 
abnormalities. They believed skeletal damage did not cause 
ambicoloration or the hooked conditions in southern or summer 
flounder. Several flounder of various stages of ambicoloration 
have been collected in Louisiana (specimens on file, LDWF).

Hoese and Moore (1977) refer to "reversal" in members of the 
Bothidae family as "possessing internally correct features while 
exhibiting external features on the wrong side". Gutherz (1967) 
reported "reversal" as not uncommon in certain species of 
Heterosomates, being common in 40-60% of various Pacific bothid 
species. Moore (1969) was believed to be the first to describe 
morphological reversal in southern flounder when he reported eyes, 
paired fins and pigmentation of a specimen were reversed dextrally. 
Some instances of reversal have been noted in Louisiana, although 
they are uncommon. Powell and Schwartz (1979) described the 
caudal structure of a double tailed southern flounder from North 
Carolina waters.

2.4 Reproduction
2.4.1 Aae. Length and Weight at First Spawn

Stokes (1977) found first sexual differentiation of southern 
flounder in Texas discernible when they attained approximately 170 
mm (6.7") TL. Fish with no evident gonads (<170 mm) were 
considered as immature. Progression from this stage through Stage 
I (immature) and into Stage II (maturing) occurred during the first 
year. The initial spawn occurred at two years of age, based on 
collections of gravid fish. Virtually all spawning was indicated 
to occur offshore, as adults which did not migrate offshore showed 
no further gonadal development in inshore waters.

Shepard (1986) sampled 206 southern • flounder in Barataria Bay, 
Louisiana, finding 178 female and 28 male fish. Females averaged 
358 mm TL, ranging from 235-520 mm, while males averaged 247 mm TL 
and ranged from 114 to 295 mm. The smallest female with spawning 
potential (based on use of gonadosomatic indices) was 243 mm TL, 
while the smallest potentially spawning male was 170 mm.

Music and Pafford (1984) found the smallest southern flounder 
for which sex could be determined through gross examination to be 
130 mm (Age 0) for females and 232 mm (Age 1) for males. They 
further stated an insufficient number of adults were collected from 
North Carolina waters to allow determination of length and age at
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first spawning, since spawning took place at sea. All specimens 
examined exhibited early stages of gonadal development (I-III) . Of 
the females examined, 92% were stage I, 7% stage II, and 1% stage 
III (mature). Males showed less development (91% - I, 9% - II, 0 - 
III). Male flounder seldom exceeded 12"; females were 
approximately 12" TL in the second year of life, 18" TL in the 
third year (Stokes 1977) .

In South Carolina, first maturity of male and female southern 
flounder was noted at 230 mm and 320 mm, respectively. All males 
greater than 310 mm and females greater than 380 mm were mature 
(Wenner et al. 1990). Etzold and Christmas (1979) found all fish 
to become sexually mature by their third year, at 13.3" standard 
length (SL), in Mississippi waters. They found the smallest 
sexually mature fish at 9.0" SL.

Nall (1979) stated that female southern flounder did not 
commonly mature until more than six years of age. He felt that 
large numbers of females were harvested prior to spawning. Other 
authors stated that southern flounder reach sexual maturity at 
approximately 2-3 years of age (Manooch 1984; Stokes 1977; Wenner 
et al. 1990).
2.4.2 Time and Duration of Spawn

In North Carolina, flounder have been reported as winter 
spawners by several authors, including Ross and Epperly (1985). 
Smith et al. (1975) found southern flounder to spawn during fall 
and early winter there. Ginsburg (1952) stated southern flounder 
may spawn for extended periods, although the general season was 
fall and early winter.

Stokes (1977) reported sexually mature adults emigrating 
offshore during October-December, and juveniles immigrating during 
January-February in Texas. Southern flounder left Aransas Bay to 
spawn in the Gulf of Mexico from October through December, 1974 
(Stokes 1977). Maximum emigration was from November 11-14, as 
indicated by maximum CPUE in the gill net. Emigration of males 
preceeded that of females and male flounder were not present in 
samples after November 25. Adults in the developing stage began to 
enter the catch during mid September, developed stages were 
apparent from October through December, finally becoming gravid in 
December. This indicates a very short incubation period, assuming 
courtship and spawning behavior occur sporadically during the 
October-December period.

Gunter (1938) reported this species to spawn from September to 
April, based on the appearance of young flounder along beaches in 
April. Ginsburg (1952) concluded spawning activities extended from 
late fall to early winter and possibly longer. Flounder with
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developing roe were captured in October 1942 in Texas (Gunter 
1945) .

Laska (1973) collected nine (205 to 365 mm TL) flounder from 
September through December at the Chandeleur Islands, Louisiana, 
and reported they were apparently pre-spawn fish. Louisiana 
gonadosomatic indices (GSI's) plotted by month indicated an 
increase in gonadal development of females beginning in August, 
continuing to November (Shepard 1986). An observed decline in 
December indicated a peak in spawning activity during that month. 
Similar findings were reported by Renderson-Arzapalo et al. (1988) 
following analysis of gonadal conditions of southern flounder 
exposed to a four month compressed conditioning cycle (Table 3). 
Although Shepard (1986) analyzed GSI's and determined peak spawning 
activity occurred during December in the vicinity of Grand Isle, 
Louisiana, he could not define the extent of the spawning season 
due to movement of animals offshore. It should, however, be very 
similar to the time period reported by other investigators, based 
on emigration patterns and subsequent capture by the offshore 
shrimp fleet.

Stickney and White (1974a) postulated spawning that began in 
early winter along the Georgia coast, based on their finding 
postlarvae inshore during the same time. Gunter (1945) and Simmons 
(1951) reported spawning in winter, primarily November to January, 
along the Gulf of Mexico coast, over the inner and central 
continental shelf.

Arnold et al. (1977) documented spawning on December 21, 
1976, and for 12 consecutive days following. Swingle (1971) 
collected the smallest southern flounder (59 mm) in December in the 
Mobile Bay, Alabama area, while in Texas, Gunter (1945) reported 
collecting young 17 to 40 mm TL during December, February, March, 
and April, also indicative of a spawn in late fall-early winter.

Nall (1979) found developing eggs in all female southern 
flounder 6+ years of age in Alabama and northern Florida. Only 8%, 
5%, and 18% of four, five, and six year old fish were involved, 
however. The smallest maturing specimen collected was 308 mm 
(12.1" TL). Note that Nall's ageing estimate was not consistent 
with that of other investigators, possibly accounting for the 
greater age at maturity.

Hildebrand and Cable (1930) reported an earlier (September to 
May) spawning peak among Parallchthvs spp. in North Carolina, as 
water temperatures cool earlier there than in southern and central 
areas of the Gulf of Mexico. No distinction between species was 
made, however, and data may not have included £. lethostioma.

Normal winter spawning conditions of 18° C and a 9 hour (h)
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light:15h dark photoperiod was reported in Texas by Henderson- 
Arzapalo et al. (1988) . Arnold et al. (1977) reported similar 
results, as laboratory kept southern flounder spawned only at 17o 
C, 9h light conditions. Gonadal maturation and egg release 
occurred only when lab conditions followed the natural seasonal 
pattern. Regardless of temperature and photoperiod manipulation, 
eggs were released only during Dec ember-February, and were usually 
released in the early morning between 0500-0900 hours. Egg 
releases began December and continued through mid-January. By the 
end of March, all females were refractory (Henderson-Arzapalo et 
al. 1988). This characteristic may be physiologically regulated, 
as Hickman (1968) found adult southern flounder to exhibit seasonal 
changes in osmoregulatory processes. These changes corresponded to 
spawning migrations between estuarine and offshore waters.

Nall (1979) found gonadal development in female flounder from 
Mobile Bay, Alabama as early as August. Fifty-eight percent of 
females over 308 mm TL contained ripening gonads. The youngest 
maturing female observed was reported as age group 4, while the 
smallest individual was 256 mm SL. All females found maturing in 
August were over six years old.

White and Stickney (1973) reported a very practical means of 
sexing flatfish while collecting sexually mature fish for 
laboratory spawning. They held trawl-captured flatfish up to a 
strong light and observed internal anatomy. They found sexing the 
animals to be relatively easy, and presence or lack of distended 
ovaries extending posteriorly in the abdominal cavity could be 
readily distinguished. This enabled gravid to running-ripe females 
to be easily collected for laboratory spawning procedures.
2.4.3 Fecundity

During a laboratory spawning and larval study using six pairs 
of adult southern flounder, Arnold et al. (1977) observed spawning 
on 12 consecutive days after an initial spawn on December 21, 1976. 
These spawns produced a total of 1.2 X 10s eggs, with a 
fertilization rate of 30-50%.

Lasswell et al. (1978) reported three spawning females to 
produce batches of approximately 40,000 eggs each. The 
fertilization percentage and hatching rate were similar to that 
reported by Arnold et al. (1977), averaging only 26% and 50% for 
each, respectively. In another study, Lasswell et al. (1978) found 
females to produce approximately 5.000 eggs per spawn that were 
fertilized (a fertilization rate of approximately 80%). These eggs 
hatched within 40 hours at a water temperature of 22° C.

Henderson-Arzapalo et al. (1988) reported 24 releases of 66 to 
28,900 eggs occurred between December and February(Table 4). Based
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on those data, they remarked that batch fecundity was small when 
compared to most cultured flatfish species.

White and Stickney (1973), when reporting on flatfish in 
general, stated that females often lay over 100 thousand (k) eggs 
per spawning season, depending on species.
2.4.4 Temperature. Salinity. Photooeriod. and Spawning Habitat

Water temperature has a definite impact on stages of gonadal 
development in preparation for spawning. Of all specimens 
collected by Music and Pafford (1984) only one stage III female was 
found; this fish was collected during August in waters above 31 
ppt. The authors surmised this fish was preparing to move offshore 
in anticipation of the fall and winter spawning season. They found 
no advanced stages of gonadal development in fish from Georgia 
inshore waters. Miller et al. (1984) suggested several advantages 
of winter spawning, including: greater survival at reduced 
temperature, refuge from predation, and advantageous currents into 
nursery areas from offshore spawning grounds.

Music and Pafford (1984) found little, if any, spawning 
occurring in Georgia inshore waters, while in near-offshore waters 
of Mississippi. Etzold and Christmas (1979) stated spawning took 
place from September to January with peak activity occurring in 
October. Shepard (1986) also indicated an offshore spawn near 
Grand Isle, Louisiana, based on emigration patterns and subsequent 
capture by the offshore shrimp fleet. Arnold et al. (1977) induced 
laboratory spawning at a mean temperature ranging from 16.5 - 
17.5°C and a salinity of 28 ppt (Table 5), similar to offshore 
environmental conditions in early winter.

Lasswell et al. (1978), using carp pituitary hormone to induce 
laboratory spawning of southern flounder, reported eggs hatched in 
40 hours at water temperatures of 22° C. Arnold et al. (1977) 
stated laboratory spawned eggs hatched in 61 to 76 hours at 17°C 
and 28 ppt salinity.

Stokes (1977) found southern flounder emigrating from Texas 
bay systems in preparation for spawning in the Gulf of Mexico when 
a characteristic decrease of water temperature from approximately 
23° C occurred (normally October-December). Passage of cold fronts 
normally triggered this activity.

Stickney and White (1974a) found postlarval southern flounder
growth most rapid at salinities as high as 30 ppt. Salinity 
requirements change rapidly with age and within a few months, 
juvenile southern flounder grow most rapidly at low (5-10 ppt) 
salinities. These changes probably relate to their normal 
migrational patterns. Stickney and White (1974a) reported that
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southern flounder in Georgia are spawned offshore and migrate to 
inshore waters as postlarvae. They found that although the species 
was euryhaline, southern flounder larvae grew most rapidly at high 
salinities (30 ppt) until reaching advanced postlarval stages, 
whereupon low salinity water was preferred. Deubler (1960) 
demonstrated that southern flounder postlarvae were able to survive 
and grow at salinities ranging from 0-30 ppt without prior 
acclimation. These studies also indicated increased growth with 
an increase in salinity.

Smith et al. (1975) found all four species of Paralichthvs in 
the Cape Hatteras area to spawn in fall and early winter. Spawning 
apparently peaked in late November to early December, as larval 
numbers peaked in mid December.

Benson (1982) also found that southern flounder spawned 
offshore and reported waters 66 to 1971 deep were most often 
utilized.
2.4.5 Courtship and Spawning Behavior

Arnold et al. (1977) reported courtship and spawning behavior 
from laboratory experiments. They noted males attended females 
three weeks prior to spawning. Males followed females and 
positioned their heads near the female's vent when they rested. 
Actual spawning occurred at midday in the lab, near the surface, 
and only the larger (>2kg) females spawned. They spawned more than 
three times each. They further classified southern flounder as 
serial spawners, having an extended spawning season of variable 
duration.

Lasswell et al. (1978) observed several spawning acts and 
reported each to involve one male and one female. In each 
observation, the male released a small amount of sperm which may 
have been insufficient to fertilize all eggs released by the 
female. This may have been due in part to the hormone method used 
to induce spawning.

Sexual ratios of southern flounder as reported by Music and 
Pafford (1984), may also affect reproductive success, as no males 
were found less than 151 mm nor over 401 mm. Absence of male fish 
in the smaller and larger sizes raised the overall sex ratio to 
9.5:1, from a total of 116 southern flounder examined between 
January 1979 and June 1982 in Georgia (Table 6).
2.5 Recruitment and Recruitment Mechanisms

Ward et al. (1980) provided a schematic model of the life 
cycle of southern flounder for the Texas coast (Figure 6) . 
Following a winter spawn on the continental shelf, eggs and early
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life stages drift passively toward estuaries with prevailing 
currents. Young were believed to pursue a more active movement 
toward inshore waters with growth. In North Carolina waters, 
Miller et al. (1984) analyzed shelf currents and believed larval 
distribution more likely a function of currents than active 
swimming. They noted that peak recruitment of fall and winter 
spawned larvae coincided with favorable growth and survival 
conditions. The extended period of recruitment ensures survival of 
at least some larvae during favorable conditions (Warlen and Burke 
1990) .

Larval transport and recruitment along the Atlantic coast may 
be affected by the presence of the Gulf Stream current, which 
provides a mechanism for rapid longshore movement of larvae. 
Although larvae were not abundant south of Cape Hatteras, they were 
collected on the outer half of the shelf (Smith et al. 1975). They 
postulated some of those larvae were spawned locally, while others 
were transported into the area surveyed from southern spawning 
grounds. This current is not as well-defined and much weaker in 
the northern Gulf of Mexico, and may not provide the longshore 
transport mechanism available to Atlantic coast stocks.

In North Carolina estuaries, peak recruitment of juvenile 
flounder usually occurred when stratification and tidal exchange 
ratios were at a yearly maximum. To avoid being flushed from the 
estuary following recruitment, flounder exhibited certain 
behavioral responses to photoperiod and tide (Weinstein et al. 
1980). They also suggested postlarval transport into the marshes 
and freshwater areas was enhanced by a surface migration on flood 
tides at night and "riding out" ebb tides on or near the bottom 
(Figure 7). The study implied tidal response might be the primary 
mechanism utilized by postlarval flounder to reach suitable nursery 
habitats.

Williams and Deubler (1968) reported postlarval immigration 
related to lunar phase but no correlation was found between rate of 
immigration and wind. King (1971) , however, found the rate of 
immigration of postlarval flounders (£. lethosticrma inclusive) in 
Texas waters was significantly correlated with wind direction and 
that immigration was greatest during onshore or southerly winds. 
His data also indicated higher rates of immigration with increased 
salinities and current velocities along with more turbid water and 
increased tidal amplitude (including duration of flood tides). 
King (1971) further recorded postlarval Paralichthys spp. in 
greatest numbers near the sides of channels, and slightly higher 
numbers near the west bank, as opposed to the east bank of Cedar 
Bayou inlet. Horizontal distribution was uneven within the inlet. 
No correlation was noted between rate of ingress and air or water 
temperatures, although Stokes (1977) found immigration beginning in 
Texas at water temperatures as low as 13.8° C and peak influx at
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16.0-16.2o C. This was probably directly related to season, rather 
than temperature as a primary factor controlling ingress.

In a southeast Louisiana tidal pass, Sabins (1973) noted 
juvenile flounder catch appeared to be affected by tidal stages 
more than light cycles. He described the tendency for young to 
concentrate along channel edges, especially in quieter waters along 
the western edge of the tidal channel during ebb tide and then move 
inland with flood tides. Sabins suggested similar diel patterns 
among immigrating YOY might aid individuals to maintain a shoreward 
transport and avoid being flushed seaward. Weinstein et al. (1980) 
presented similar data gathered from North Carolina estuaries.

In North Carolina, peak recruitment of southern flounder 
occurred from April to June (Ross and Carpenter 1983). Ross and 
Epperly (1985) proposed an April or May peak in Pamlico Sound, 
North Carolina, while Rozas and Hackney (1984) described a March 
peak in North Carolina oligohaline marshes.

Southern flounder larvae have been collected as early as 
November from east coast waters, but no earlier than December along 
the Gulf coast with some variation among researchers by area. Most 
agree on a peak arrival in the estuaries from February to March 
(Table 7). Smallest individuals and maximum immigration was noted 
in February by Stokes (1977) in the area of Aransas Bay, Texas. In 
a Georgia salt marsh, Rogers et al. (1984) found recruitment to 
terminate in March, coinciding with peak abundance. Etzold and 
Christmas (1979) reported an inshore movement of recruits from 
December through May in coastal Mississippi.

In Louisiana, studies in the major estuarine systems indicated 
initial arrival of southern flounder recruits in January, 
increasing in February and March, and continuing through April 
(Table 7). Minimum size at initial recruitment ranged from the 0-5 
mm standard length (SL) group in January (Rogers and Herke 1985) to 
51 mm TL in April (Norden 1966). Rogers and Herke (1985), while 
investigating arrival of young of the year (YOY) in southwest 
Louisiana marshes (Figure 8), found catch/sample occurring in two 
peaks (February and March). Felley (1987) reported juvenile £. 
lethosticrma appeared during spring months (March- Apri 1 -May) in the 
Calcasieu Lake estuary, Louisiana. Norden (1966) also collected
11-30 mm TL juveniles in March> while Gunter (1938) seined 
juveniles 5-10 mm TL from the Barataria Bay, Louisiana beach in 
April. Juveniles 21-24 mm TL were collected during January near 
Chandeleur Island, Louisiana by Laska (1973) . He also reported two 
young of 6 and 7 mm TL and 20 others ranging from 15-31 mm TL 
during March.

Immigration of juvenile southern flounder began during 
February 1974 and January 1975 near Aransas Pass, Texas (Stokes
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1977). February was the month of greatest immigration during both 
years, as indicated by the incidence of capture. Juveniles were 
generally recorded in passes near the Gulf first, inshore channels 
next, and finally inshore bays. They were most numerous in bays 
during spring months, peaked in June or July, and decreased 
thereafter. Net avoidance by larger fish was thought to be the 
main reason for decreased catch.

In North Carolina, Deubler (1958), Tagatz and Dudley (1961), 
and Williams and Deubler (1968) found southern flounder postlarvae 
to enter estuaries during winter. Following a late fall/early 
winter oceanic spawn (Smith et al. 1975), southern flounder larvae 
were collected during nighttime flood tides as they entered North 
Carolina estuaries (Warlen and Burke 1990). In a study spanning 
four winters in North Carolina, Burke et al. (1991) collected 
metamorphosing, planktonic larvae from late November to mid April 
with a peak in February.

Young of the year (YOY) ranging from 10-40 mm TL were first 
captured in estuarine waters during March in North Carolina. Young 
juveniles apparently sought upper reaches of tributaries during 
recruitment, as they were captured in open water areas until April 
and then very few were observed. Young of the year dominated 
flounder catches in the northern tributary system, and ranged 18-65 
mm TL in size (Powell and Schwartz 1977).

Turner and Johnson (1974) reported similar findings from South 
Carolina when they found large numbers of small flounder in tidal 
streams, with most occurring in April. They stated these were all 
YOY moving into nursery areas.

Southern flounder YOY were also found to appear in maximum 
numbers during spring in North Carolina by Hawkins (1982), 
corresponding to larval and juvenile recruitment patterns of the 
majority of estuarine dependent species (Table 8).

Other studies indicated migration of postlarval and juvenile 
southern flounder toward freshwater, up-river or low salinity 
intertidal zones (Hildebrand and Cable 1930; Powell and Schwartz 
1977; Weinstein 1979; Weinstein et al. 1980; Smith 1981; Hawkins 
1982; Rogers et al. 1984; and Rozas and Hackney 1984). In South 
Carolina, Wenner et al. (1990) noted distribution of YOY (January- 
April) was nearly three times greater at the most upriver station 
than the site nearest the ocean. Rogers et al. (1984) found the 
highest abundance of recruits to concentrate in northerly estuaries 
in freshwater conditions and to utilize the shallow nursery area on 
a size-specific basis. As residence-time and growth increased, 
movement toward more saline waters began. Since less saline 
headwaters of the total distribution range are utilized first with 
subsequent movement to more saline waters occurring with growth,
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there is a "filling up backward" of the nursery (Herke 1971; 
Weinstein 1979).
2.6 Migration/Movement

Benson (1982) described southern flounder as a "euryhaline, 
estuarine dependent bottom fish" seasonally distributed from deep 
Gulf waters (110 m) to shallow estuaries. Influx of YOY into 
northerly estuaries, and a movement to more saline waters with 
growth indicates southern flounder migrate seasonally through a 
salinity gradient, moving from lower salinities of the estuaries in 
spring to higher salinities offshore during winter. This movement 
might be in response to an optimum salinity/temperature condition 
under which maximum growth rates occur, provided a sufficient food 
supply is available (Peters and Kjelson 1975).

Juveniles decreased rapidly in abundance in upper creeks after 
April in the southern area of North Carolina and movement was 
completed by July. In the northern area, flounder utilized shallow 
tributaries through July, with decreasing numbers noted thereafter. 
In North Carolina, Burke et al. (1991) reported that recruits 
initially settled on high salinity intertidal flats followed by 
upstream movement toward the head of the estuary where they settled 
on shallow tidal flats with muddy substrates. Salinity affected 
distribution more than substrate. Advanced juveniles sought out 
nursery grounds in North Carolina estuaries characterized by low 
salinities and muddy substrates. After reaching yearling size, 
movement out of those areas was thought to occur (Powell and 
Schwartz 1977).

Larval forms of P. lethostioma were collected during March and 
April in Vermilion Bay, Louisiana by Norden (1966). Gunter (1938) 
also reported collecting 5-10 mm TL fish in April 1933 in seines on 
outside beaches of Louisiana. Approximately two months later, they 
appeared in trawls at 12-15 mm TL. He surmised spawning occurred 
in winter months, based on those findings.

Simmons and Hoese (1959) noted an intense seaward movement of 
these fish during fall months associated with declining water 
temperatures; Simmons and Hoese (1959) reported seasonal movements 
of southern flounder in Cedar Bayou, Texas. During April and May, 
random movement was recorded; in June bayward movement; July-August 
revealed random movement; September, November, and December were 
months of gulfward movement. No flounder were found in January and 
February. They reported numerous southern flounder captured in 
fish traps in Cedar Bayou, Texas, during 1950. Some fish captured 
were tagged and later recaptured by shrimp boats in the Gulf of 
Mexico in 20 fathoms (fm) of water. Stokes (1977) found adults 
leaving Texas bays from mid-October to mid-December, peaking in 
mid-November. This seasonal movement was also associated with a 4-
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5° C decrease in water temperature. Arnold et al. (1960) reported 
a "fall run" of southern flounder in October and November at 
Galveston Island, Texas, thought to be associated with spawning 
activities. In contrast, moderate to warm winters can cause 
departure from bays over an extended period rather than a mass 
exodus following a severe cold front (Hoese and Moore 1977).

Other researchers describing a fall and early winter migration 
include Hildebrand and Cable (1930) , Kelly (1965), Hoese and Moore 
(1977), and Shepard (1986) . Some authors included older juveniles 
along with adults in this gulf ward movement (Ginsburg 1952; Fox and 
White 1969; Stokes 1973; Powell and Schwartz 1977; and Randall and 
Vergara 1978). Although some young of the year leave estuaries in 
the fall, most remain and overwinter in deeper holes and channels 
(Gunter 1938 and 1945). Ogren and Brusher (1977) and Stokes (1977) 
also noted some adults remained and utilized deeper portions of the 
estuary during winter. In Texas, Stokes (1977) reported highest 
winter catches within bays at stations along or within the Gulf 
Intracoastal Waterway. In North Carolina, Devries and Harvell 
(1982) believed some flounder overwintered in the river or returned 
there the following spring or summer from areas of deeper water.

From the time of recruitment, age I individuals were abundant 
in the estuary for 18-20 months with yearlings moving seaward by 
mid to late summer of their second year (Powell and Schwartz 1972). 
Analysis of their length/frequency data led Devries and Harvell 
(1982) to suggest a higher proportion of age II or older fish 
migrated to the ocean in the fall than age I fish. Smith (1981) 
stated young of the year remained in and utilized nurseries up to 
their second year of life. In seaward migrations during fall 
months, males appeared to leave estuaries earlier than females 
(Simmons 1957; Simmons and Hoese 1959; Stokes 1977) . Older males 
probably remain in the Gulf of Mexico and do not return to 
estuaries with other adults; the return movement usually begins the 
following February (Stokes 1977).

Smith (1981) reported localized movement associated with tidal 
stages, as this species moved on and off of shallow bars and flats 
with rise and fall of tides. Stokes (1977), although reporting one 
tagged southern flounder recaptured 48 miles northeast of the tag 
site, found inconsistent movement patterns of 0-11.3 miles between 
and within bays.

Green (1986) accumulated 25 years of tag and release data from 
coastal Texas waters. Results indicated the majority (58%) of 
southern flounder were recaptured within five kilometers (km) of 
the tagging location and 69% within the same bay system. Most 
recaptures were within 90 days of release. During a four year 
study in coastal Georgia, average time at large was 215 days with 
average movement of 54 km. Only 32% of all recoveries were within
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the estuary of release and occurred during summer and fall. 
Greatest recorded movement outside the estuary was seaward toward 
warmer, higher salinity waters in the fall (Music and Pafford 
1984). In North Carolina waters, Devries and Harvell (1982) 
received most returns in less than 40 days within 6.4 km of the 
release site. Intermediate and long-term returns indicated a 
seaward movement. Monaghan (1992) in North Carolina waters and 
Wenner et al. (1990) in South Carolina waters noted similar 
results. These studies reported some individuals traveled 
considerable distances: Music and Pafford (1984), 556 km; Monaghan
(1992), 428 km; Wenner et al. (1990), 404.7 km in 472 days; Green 
(1986) 15.2% moved > 40 km; Devries and Harvell (1982), several in 
excess of 322 km with one at 740 km and another moving 645 km in 
131 days, averaging 4.9 km/day.

2.7 Age/Growth
Yolk sac larvae of laboratory spawned southern flounder 

measured 1.2-1.4 mm TL with a 0.7 mm long yolk sac containing a 
single oil globule at its posterior edge (Lasswell et al. 1978). 
Metamorphosis of laboratory cultured larvae began at 40-46 days (8- 
11 mm TL) and structural changes to postlarvae were complete at 50- 
51 days. Thereafter, fingerlings became completely demersal 
(Arnold et al. 1977). In postlarvae collected for growth studies, 
Deubler (1960) measured 8-12 mm SL fish which weighed 15 milligrams 
(mg) after preservation. Stickney and White (1974a) found southern 
flounder in North Carolina to average 28 grams (g) after five 
months while fish from Georgia averaged 15 g. Initial weights of 
the North Carolina stock was 0.5 g and required 10 weeks to attain 
a 500% weight increase. Etzold and Christmas (1979) also indicated 
there was some evidence of differing growth rates from various 
areas. Christmas and Waller (1973) collected individuals less than 
38 mm TL in March, April, and May in Mississippi estuaries. Young 
fish from 17-40 mm TL were caught in Aransas Bay, Texas during 
December, February, March, and April (Gunter 1945) . The youngest 
fish measured were 80 mm TL in May, with the lower size limit 
increasing rapidly during summer.

Powell and Schwartz (1977) reported 130 mm TL southern 
flounder by December of the first year while Hawkins (1982) found 
60-160 mm TL fish in October and November. Their age/growth 
observations indicated 90-100 mm TL fish taken in spring were 
probably slow growing age I juveniles recruited the previous year. 
Laska (1973) "reported that by May, young flounder from near 
Chandeleur Island, Louisiana had attained 55 mm TL, and one 
specimen of 88 mm TL was measured in June. Manooch (1984) 
indicated two-year old southern flounder averaged 365 mm TL, or 
14.4”, indicating an annual growth rate of approximately 182 mm TL, 
slightly greater than reported by previous authors. Etzold and
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Christmas (1979) stated that age II fish were 230 mm (9.0" SL) , age 
III 340 mm (13.3" SL) and age IV 480 mm (18.8" SL) . Based on 
multiple tag recaptures of five southern flounder (mean length 271 
mm), Wenner et al. (1990) estimated growth rate of 0.17 mm/day.

In January, Wenner et a l . (1990) found newly recruited YOY 
were 1 cm in length and ranged between 20-130 cm by May according 
to modes of progressive monthly histograms. Analysis of otoliths 
confirmed YOY grew to 170 mm in June, averaging 210 mm by November. 
A significant difference in growth rates was noted between males 
and females at ages I and II. By December, male YOY averaged 263 
mm and females 330 mm. On an annual basis, age II females averaged 
100 mm longer than males. Growth rates declined in males after age 
II with few individuals found greater than 350 mm and none older 
than age III. Rapid growth of females continued through ages III- 
V. Age/growth work reported by Wenner et al. (1990) is summarized 
in Tables 9-11.

Ageing techniques include length/frequency, dorsal and anal 
fin ray count, and use of scales and hard parts (otoliths and 
vertebrae) which have been used either as whole or sectioned 
specimens. Palko (1984) determined scales were an unacceptable 
method of ageing fish while vertebrae and otoliths met the required 
criteria for ageing structure. Music and Pafford (1984) used 
scales and otoliths to age southern flounder and found scale annuli 
formed once annually. Nall (1979) and Stokes (1977) each described 
opaque growth rings of otoliths and thought one was formed 
annually. Nall (1979) suggested a transition to a benthic life 
following metamorphosis might account for the first annulus 
formation. Wenner et al. (1990) used length frequency and marginal 
increment analysis of whole left sagittal otolith to age southern 
flounder. Annulus deposition began in January and was completed by 
April in most YOY. One translucent and one opaque ring were formed 
annually and were determined suitable for age estimates. They 
identified four age classes (0-III) for males and eight age classes 
(0-VII) for females.

Stokes (1977) reported that males exhibited slower growth than 
females and did not exceed 320 mm TL. He found males and females 
of equal size had comparable weights, although when comparing equal 
age fish, females were larger than males. His data indicated five 
age classes of females (to 620 mm TL) and three age classes of 
males. Music and Pafford (1984) estimated mean daily growth in 
millimeters by sex at ages I-VI. Growth of males at age I-III was 
0.33, 0.34, and 0.27, respectively. Female growth at age I-VI was 
0.47, 0.44, 0.35, 0.34, 0.06, and 0.21, respectively. When sexes 
were combined, average daily growth rate at age I = 0.43, age II = 
0.44, and age III = 0.34. Nall (1979) compared back-calculated 
lengths and means to a theoretical growth curve (Figure 9). His 
back-calculated average SL of combined sexes by age are presented
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in Table 12. In Mississippi, Etzold and Christmas (1979) reported 
larger sizes at age II (230 mm), age III (340), and age IV (480 
mm). Nall's (1979) calculated Von Bertalanffy growth model [SLt = 
1461 (i-e" 0308<c'1'86291) ] predicted a theoretical maximum age of twenty 
years and a maximum SL of 1461 mm; he projected a 9-10 year maximum 
life span and suggested growth was limited by life span and not by 
maximum size. Nall (1979) and Music and Pafford (1984) described 
growth of southern flounder as isometric, where weight increased 
directly with length (Figure 10).

Nall's (1979) length-weight relationship for 175 fish (sexes 
combined) is presented in Figure 11. He reported log 
W = -4.9176 + 3.0984 log L and computed a SL/TL linear regression 
as: SL = 5.3449 + .8208 TL for summer-caught fish. Conversion of 
TL to SL can be accomplished by subtracting 17% of total body 
length for Paralichthys (Gilbert 1986) . Music and Pafford's (1984) 
length-weight relationship (Figure 10) and equation for 233 fish 
(combined sexes) was log W = 3.091 log L - 5.157. They also 
determined an equation for females (log W = 2.970 log L - 4.844) 
and males (log W = 2.984 log L - 4.893). Their length/age 
relationship is presented in Figure 12.

The oldest fish collected by Nall (1979) was reported to be 
ten years (402 mm SL). Stokes (1977) reported collecting five age 
classes of females and three age classes of males from Texas 
waters. The oldest fish collected by Music and Pafford (1984) from 
Georgia waters were an age VI female and an age III male. The 
largest recorded fish reported by Ginsburg (1952) was 762 mm TL. 
Wolff (1977) identified no southern flounder in excess of 405 mm 
and few males longer than 355 mm. Nall's (1979) length frequency 
histogram is provided in Figure 13. According to Ross (1982), most 
flounder encountered in autumn averaged approximately 400 mm 
(Figure 14). This is fairly consistent with all reported data 
relative to average sizes of southern flounder one would expect to 
encounter in bay/sound areas.

Stokes (1977) also reported recently spawned (postlarval) 
southern flounder were not collected from low salinity (10-12 ppt) 
areas until March, or approximately one to two months later than 
nearshore areas. Distance from the spawning site was also a 
factor, and could have been the major contributor.

Stickney and White (1974a) reported southern flounder may not 
be physiologically adapted to lower salinities until late 
postlarval size. Higher salinities were also indicated to be 
advantageous to rapid growth and larger sizes of postlarval 
southern flounder when food supply, temperature, and light were 
controlled (Deubler 1960).

Some researchers have questioned the validity and reliability
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of ageing techniques; Gilbert (1986) in his review of age/growth 
studies of Paralichthvs noted analysis of animal size classes was 
of limited value due to "...variable individual growth rates and 
protracted spawning seasons".

2.8 Food Habits/Predator-Prey Relationships
Wagner (1973) described southern flounder as an estuarine- 
dependent carnivore at the top of the food chain. Early life 
stages reportedly fed primarily on plankton in Mississippi (Gilbert 
1986; Etzold and Christmas 1979), and young southern flounder fed 
on bottom invertebrates in Lake Pontchartrain, Louisiana (Darnell 
1958).* Stokes (1977) also found smaller fish (10-150 mm TL) fed 
primarily upon mysids. Overstreet and Heard (1982) concurred, 
specifically identifying the dominant mysid as Mvsidopsis almvra. 
Stokes (1973) found larvae ate various forms of zooplankton, while 
juveniles fed largely on shrimp, crabs, menhaden, croaker, and 
other flounder. Older juveniles actively fed day and night.

Minello et al. (1989) termed this species an "ambush 
predator". Music and Pafford (1984) also believed it.exhibited a 
"lay and wait" feeding behavior. A characteristic feeding activity 
was described as a "normal burrowing pattern" by Henderson-Arzapalo 
et al. (1988) . In aquarium experiments, southern flounder (84-94 
mm TL) exhibited various patterns of feeding behavior, including 
active searching on the bottom and in the water column (Minello et 
al. 1987). Olla et al. (1972) described the "prey stalking" 
behavior for summer flounder £. dentatus: similar behavior should 
be exhibited by the related southern flounder. Minello et al. 
(1987) stated that normally the fish remained motionless and waited 
for prey to come within striking distance before attacking. They 
noted that stalking activity was accompanied by active eye 
movements, tracking potential prey, supporting DeGroot (1971) who 
classified bothid flounders primarily as visual feeders. In an 
unpublished study of diel feeding periodicity summarized by Minello 
et al. (1987), southern flounder were found to feed at night in the 
absence of light, suggesting that other sensory mechanisms may also 
be used in prey detection.

Stokes (1973) noted older juveniles and adults fed actively 
day and night; they fed on shrimp during both periods with mean 
predation rates highest during afternoon hours. Smaller flounder 
consumed approximately 7.6% of their live weight, while larger fish 
ate about 4.0% of their live weight each day. They fed on shrimp 
until the prey reached 33-50% of the total length of the predator 
(Minello et al. 1989). Minello et al. (1987) noted an increase in 
the predation rate on brown shrimp in turbid water and suggested it 
was related to feeding tactics of the predator and prey behavior.
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Feeding activity was greatest at water temperatures of 16-25° C, 
during the three day period following a first quarter moon, and the 
three day period prior to a new moon (Music and Pafford 1984) . 
Wright et al. (1993) noted predation by southern flounder 
significantly modified the size structure of the prey fish 
assemblage in an experimental pond. They reported that flounder 
responded to an increase in prey density by an increase in 
consumption rate. This type of response typically rises at a 
continually decreasing rate. Instantaneous daily growth rates were 
determined to be 0.012 g-g"1 day'1 for small flounder (216 mm SL) and 
0.0052 g-g"1 day"1 for large flounder (268 mm SL) .

Southern flounder consume a wide variety of food items (Table 
13). With growth, fish become the major component of the diet 
(Stokes 1977; Powell and Schwartz 1979; Smith 1981). Overstreet 
and Heard (1982) also noted fish were consumed more frequently by 
large individuals, occurring more often in the diet during spring 
and summer. Minello et a l . (1989) reported southern flounder as 
the dominant fish predator on brown shrimp during spring in 
Galveston Bay. In Mississippi Sound, flounder stomachs most 
frequently contained fish with approximately one third containing 
penaeid shrimp from spring through autumn (Overstreet and Heard 
1982). When penaeid shrimp availability was low in winter, they 
were replaced by mysids. Bay anchovy (Anchoa mitchilli)dominated 
the fish prey species. Unpublished LDWF data indicate that 40% of 
collected flounder had empty stomachs. Of the remainder, fish 
remains were found in 19.8% of stomachs, followed in decreasing 
order of abundance by white shrimp (8.8%), blue crab (8.2%), and 
brown shrimp (7.0%). In Texas waters, Stokes (1977) listed the 
common prey found in fish over 150 mm as: Anchoa. Muail. Penaeus. 
Brevoortia. and Atlantic croaker (Micropoaonias undulatus). In 
Lake Pontchartrain, Louisiana, Darnell (1958) reported 89% of the 
food volume in stomachs were fish, with Anchoa mitchilli diaohana 
making up 41% of that total. Studying the same lake, Levine (1980) 
also noted the prevalence of anchovy in stomach contents. Fox and 
White (1969) reported approximately 94% (by volume) of stomachs 
from Barataria Bay, Louisiana contained juvenile striped mullet 
(Muail ceohalus) and anchovies.

As southern flounder grew they consumed more prey individuals 
of the same size class, rather than using larger food items (Fox 
and White 1969) . They found the same type of diet irrespective of 
an increase in size and attributed it to seasonal availability of 
food in the bay system. Darnell (1958) also stated the relative 
percentage of food utilized from one environment to another may be 
related to seasonal availability rather than prey selectivity. 
However, Rice and Crowder (1993) found a size-dependent predation 
rate between spot and southern flounder in North Carolina pond 
studies in which small flounder fed on small spot and larger 
flounder fed on larger spot. When small and large flounder were
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mixed, large spot survival rate was 2.4 times greater because the 
smaller spot were preyed on more heavily. In South Carolina Wenner 
et al. (1990) described ontogenetic changes in southern flounder 
diet for four major prey species. Primary decapod crustaceans 
utilized for food were palaemonid shrimp while more important fish 
species included mummichog (Fundulus heteroclitus), spot 
(Leiostomus xanthurus). and striped mullet. As size class 
increased, striped mullet became the most important prey species.
2.9 Environmental Tolerance and Habitat Requirements

Enge and Mulholland (1985) summarized environmental tolerances 
and habitat requirements for southern flounder in the process of 
developing a habitat suitability index for the species. Within 
estuaries. Music and Pafford (1984) reported southern flounder at 
all depths including shallow flats where they were common, 
especially during flood tides. Nall (1979) also reported them as 
common in shallow waters. In a Texas bay, Stokes (1977) noted 
catch of this species highest in winter within and along the edges 
of the Gulf Intracoastal Waterway.

In offshore waters, Darnell (1985) found the species at depths 
of 7-99 m, being more widespread and abundant in nearshore shelf 
waters. Southern flounder were found regularly in depths of at 
least 47.6 m (26 fm) by Hildebrand (1954). A fall SEAMAP 
(Southeast Area Monitoring and Assessment Program) survey for the 
Gulf of Mexico indicated more southern flounder occurred in deeper 
Gulf waters to 109.7 m (60 fm) than at 27.4 m (15 fm) or less 
(Sanders et al. 1990). Juveniles were most abundant in aquatic 
vegetation filled shallows, over mud bottoms, even moving to fresh 
water for short periods (Gunter 1945, Ferret et al. 1971, Dahlberg 
1972, Swingle and Bland 1974, Hoese and Moore 1977, Yerger 1977, 
Etzold and Christmas 1979, Epperly 1984, and Rogers et al. 1984).

Physiological adaption to salinity appeared to change 
seasonally and with age (Stickney and White 1974a). Shallow marsh 
lakes and blind bayous were believed to be prime habitat for early 
immigrating southern flounder in a Texas river delta (Conner and 
Truesdale 1972). Rozas and Hackney. (1974) noted that the 
oligohaline estuarine intertidal habitat is an important nursery 
area for some euryhaline transient species during postlarval and 
juvenile development, although residence time is relatively short. 
They proposed that young of these species used other areas for 
further development. Rogers et al. (1984) found that an abundance 
of southern flounder recruits used shallow nursery areas on a size- 
specific basis. They suggested fish moved toward deeper, more 
saline waters as size increased.

Powell and Schwartz (1977) believed benthic substrate and 
salinity to be the two most important factors affecting
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paralichthid distribution. Southern flounder preferred muddy 
substrates and were relatively abundant in areas where the 
substrate was composed of silt and clay sediments. Where sand 
substrates predominated, these flounder were relatively scarce. 
Nall (1979) also suggested abundance of southern flounder within 
its range was determined by bottom type, as it was found more 
commonly in the normally muddy western gulf. This preference for 
muddy substrates was also indicated by Hoese and Moore (1977) , 
Randall and Vergara (1978), Etzold and Christmas (1979), and Phalen 
et al. (1989). Postulated benefits of this particular environment 
included ease of concealment from predators beneath the sediment 
surface while awaiting prey (Music and Pafford 1984) .

Powell (1974) and Powell and Schwartz (1977) found a 
difference in spatial distribution between southern and summer 
flounders relative to salinity. In areas less than 12 ppt, 
southern flounder dominated; as salinity increased, summer flounder 
replaced them in North Carolina estuaries. In areas of comparable 
salinity, differences in distribution between the two species were 
related to substrate with summer flounder in sandier and deeper 
habitats (Powell and Schwartz 1977).

Use of more inland, less saline areas during recruitment was 
followed by movement to more saline areas with growth (Rogers et 
al. 1984) . Simmons (1957) reported this fish in 60 ppt salinities, 
though sharply limited in distribution above 45 ppt. Generally, 
preference appears to be within a 5.0 to 20.0 ppt range, as 
indicated by Gunter (1945) , Williams and Deubler (1968), Tarver and 
Savoie (1976), and Epperly (1984). Effects of salinity on advanced 
postlarval southern flounder indicate a preference of 5-15 ppt and 
suggest a physiological adaptation to a seasonal distribution 
pattern which appears to change seasonally and with age (Stickney 
and White 1974a). White and Stickney (1973) also reported a change 
in optimum salinity with age. Adults sought high salinity waters 
in winter and returned inshore the following season (Stickney and 
White 1974a). Stokes (1977) believed older males possibly remained 
offshore and failed to return to the bays.

Deubler (1960), Deubler and White (1962), and Peters and 
Angelovie (1971) reported faster growth at higher salinities. This 
characteristic was further examined in lab studies and by stocking 
this species into freshwater lakes.

Lasswell et al. (1977) acclimated newly metamorphosed southern 
flounder from 28-32 ppt into fresh water (<1 ppt) within a three 
hour period and achieved 100% survival. They reported rapid growth 
of fish stocked into freshwater lakes (1.5 kg/year) and noted a 14- 
month old fish weighing 2.0 kg.

Live specimens have been collected in a wide range of
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salinities (0.0-60.0 ppt) and temperatures (5.0-34.9° c) (Table 
14). Based upon preliminary results, White and Stickney (1973) 
found temperatures of 30° C and above retarded growth and increased 
mortalities while temperatures below 20° C reduced growth. They 
believed the optimum temperature was within the 20-30° C range. In 
North Carolina, Prentice (1989) noted young southern flounder could 
tolerate temperatures to 2° C with little temperature related 
mortality. In South Carolina, Wenner et al. (1990) found juvenile 
southern flounder in temperatures of 7.2-30.8° C and salinities of 
0.8-34.8 ppt.

Postlarval £. lethostioma also seek lower salinity water in 
the spring, summer, and fall, returning to more saline waters in 
winter as they approach age I. Wenner et al. (1990) found little 
growth in shallow marsh habitats from January through March in 
South Carolina. As water temperatures warmed to 20° C in May, 
growth rate and average size accelerated. White and Stickney
(1973) found water temperatures below 20° C and above 30° C to 
retard growth and suggested the optimum was within the 20-30° C 
range. Deubler (1960) and Deubler and White (1962) noted better 
postlarvae growth at cooler temperatures and higher salinities (30 
ppt) . Stickney and White (1974a) thought lower salinity waters 
would stress younger fish less, resulting in lower mortality and 
better growth. Hickman’s (1968) data supports this hypothesis , 
insofar as movement to suitable salinities maximized conversion 
efficiency, resulting in better growth. In laboratory experiments, 
Peters (1971) and Peters and Angelovic (1971) found juvenile 
southern flounder grew best at low salinities and high 
temperatures. Stickney and White (1974a) reported advanced 
postlarval fish preferred lower salinities (5-15 ppt) and proposed 
the physiological adaptation to salinity which changes seasonally 
and with age might relate to migration. As temperature and 
salinity influence food conversion of southern flounder, the 
seasonal migration pattern of this fish maintains it in salinities 
that maximize conversion efficiency and growth, provided there is 
sufficient availability of food (Peters and Kjelson 1975). Hickman 
(1968) found osmoregulatory processes responsible for this 
response, as reported by Peters and Kjelson (1975) .

Stokes (1977) reported southern flounder recruited to Texas 
bays at water temperatures as low as 13.8° C, but occurred more 
frequently at 16.0-16.2° C . In association, he found adult 
flounder to first immigrate from the Gulf of Mexico during April
(1974) or February (1975). Numbers of fish gradually increased 
through June of each year.

Emigration of adults was associated with temperature declines 
of 4-5° C. Mass emigration in response to colder water temperature 
has also been reported by other researchers, while Deubler and 
Posner (1963) found southern flounder retreated from water 
temperatures greater than 25.3° C.
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Little information has been reported on acceptable or 
preferred dissolved oxygen levels, although Burdon (1978) collected 
fish from 4.0-10.5 ppm. Deubler and Posner (1963) found P . 
lethostiama postlarvae to actively migrate from areas where 
dissolved oxygen was below 3.7 parts per million (ppm). This 
response was the same, regardless of temperature. They also 
reported postlarvae to retreat from water temperatures over 25.3° 
C.

Stokes (1977) noted a nocturnal relationship of southern 
flounder distribution with the presence of cordgrass (finartina 
alterniflora) and that juveniles were most abundant in spring near 
dense patches of shoal grass (Diolanthera wriahtli).

Juvenile southern flounder density was found to be equal in 
vegetated and non-vegetated areas (Minello et al. 1989) . Predation 
rates by southern flounder were affected by substrate and water 
clarity (Minello et al. 1987). They do not appear to select for 
either Snartina alterniflora or non-vegetated substrates (Zimmerman 
et al. 1984).

Southern flounder larvae evidently are more light sensitive 
than other common species, exhibit somewhat different diurnal 
behavior, and may be better able to detect dyed nets, as Weinstein 
et al. (1980) found numbers of larvae collected at night exceeded 
those taken during daylight. They also found a tidal response 
exhibited by larvae in that all three species of Paralichthvs 
apparently settled to the bottom during ebb tide and rose to the 
surface during flood tide, resulting in a net landward transport. 
This characteristic was thought to enhance the ability of larval 
stages to penetrate fresh water streams.

2.10 Parasitology and Pathology
All fish harbor disease organisms and the potential for 

outbreak of disease always exists, especially following periods of 
stress (White and Stickney 1973). Currently there is no evidence 
of any parasite or disease known to occur in flounder which is a 
threat to humans (Etzold and Christmas 1979).
2.10.1 Ectoparasites

Ectoparasites are fairly common on southern flounder; stress 
or even death can result from the presence of large numbers of 
these organisms (Etzold and Christmas 1979). Some species of 
parasites show species selectivity. Williams (1979) reported a 
parasitic leech (Mvzobdella luaubris) from the pectoral fin of a 
flounder from the Mobile Bay region. Overstreet (1978) reported 
the presence of a non-permanently attached transparent copepod
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(Caliaus praetextus) on southern flounder. Arguilds, commonly 
called "fish lice" can also cause host damage. Araulus flavescens 
commonly infests the skin of southern flounder and may appear as 
small colored dots (Overstreet 1978).
2.10.2 Endoparasites/Disease

Piscine trypanosomes rarely cause disease; transmission into 
the hosts’ bloodstream is by feeding leeches. Overstreet (1978) 
noted the trypanosome (Trvoanoolasma bullocki) in blood of southern 
flounder and listed it as the most common blood flagellate in 
Mississippi estuaries. Related parasitic sporozoans 
(hemogregarines) that infect peripheral red blood corpuscles were 
more prevalent than trypanosomes in fishes from this area and one 
(Haemoareaarina platessae) was thought to be transmitted by the 
same leech responsible for trypanosome transmission.

Philometrid nematodes were also found to infect southern 
flounder (Overstreet 1978). Members of this group appear reddish 
and release live larvae rather than eggs. They appear in a variety 
of locations on and in the host including body cavity, gonads, 
subdermally, in musculature, and between fin rays. Overstreet and 
Edwards (1976) described two benign pseudoencapsulated mesenchymal 
tumors beneath the gular membrane of a southern flounder and 
attributed them to the presence of a philometrid nematode or a 
didymozoid trematode.
2.10.3 Pollution/Stress and Related Syndromes

Christmas (1973) thought coastal population growth and 
industrial pollution exceeded the assimilative capacity of some 
Mississippi estuaries and was partly responsible for fish kills 
along its coast. A detailed review of parasites and diseases 
relative to polluted habitats was presented by Overstreet and Howse 
(1977). Sindermann (1979) gave an in depth review of pollution- 
associated diseases and abnormalities and the relationship of 
disease and environmental stress. Sindermann (1979) cited 
pollution and habitat degradation associated with cases of 
vibriosus and fin erosion in summer flounder.

Overstreet and Howse (1977) believed "fin rot syndrome" 
described several non-specific lesions on southern flounder, 
usually found on fins and commonly hemorrhagic. They estimated 
lesions occurred on approximately 10% of southern flounder during 
summer months and 5% on an annual basis. They believed at least 
some of the lesions could be attributed to pollutants.

"Pollutants can affect animals directly by causing acute to 
chronic diseases or they can affect the animals indirectly by 
stressing them and thus allowing them to be vulnerable to parasites
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or other disease agents, forming synergistic or other-type 
relationships between the pollutant and another chemical or 
disease-causing agent, permitting predators to become affected by 
feeding on exposed animals, or destroying the environment so that 
animals can no longer live, grow, or reproduce" (Overstreet and 
Howse 1977).
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3.0 DESCRIPTION OF THE FISHERY
In some areas of the Gulf of Mexico several species of 

flatfishes are substantial components of the "flounder" fishery. 
The southern flounder and gulf flounder are the dominant flounders 
in commercial and recreational landings for the Gulf of Mexico. 
However in Louisiana the recreational and commercial harvest are 
dominated by southern flounder.

Flounder are not one of the most important fish species 
harvested by the commercial fishery in the Gulf of Mexico, based on 
pounds landed and value. However, the relative importance of 
"flounder" in commercial catches has increased substantially in 
comparison to most other commercially important marine food fishes 
in south Florida (Gilbert 1986) . This increase in landings 
occurred primarily in the Southeastern U.S., but also to a lesser 
degree in the Gulf of Mexico.

Flounder are not a primary target species of most recreational 
anglers as summarized in Marine Recreational Fishery Statistics 
Survey (MRFSS) reports (Table 15)(U.S. Department of Commerce 1980-
1996). Only 1.6% of recreational anglers surveyed from 1979-1986 
identified flounder as their primary target species. However 
southern flounder are among the most common species listed as 
second, or especially third preference in creel or mail surveys 
(Adkins et al. 1990, U.S. Department of Commerce 1980-1996, Kelso, 
et al. 1991, 1992, 1994) .

Although not harvested in the large quantities recorded for 
some other popular commercial and recreational species, flounder 
are still an important part of the Gulf and south Atlantic 
fisheries, primarily due to excellent quality as a food fish 
(Gilbert 1986). Numerous authors have indicated the importance of 
southern flounder, in particular, to both commercial and 
recreational fishermen (Kelley 1965; Franks et al. 1972; Christmas 
and Waller 1973; Jackson and Timmer 1976; Mcllwain 1978; Benson 
1982; Matlock 1982).
3.1 History of Exploitation

The southern flounder also is a valuable recreational species 
on the Gulf coast where it is harvested mainly by hook and line as 
well as gigs (Reagan and Wingo 1985). Flounder gigging occurs 
mainly at night with fishermen wading in shallow water using a 
light to illuminate the bottom where fish are located and then 
gigged or speared. According to Warlen (1975) this technique has 
been used since the time of the ancient Greeks and Romans and could 
go back 10,000 years to a time when early man used spears for self 
protection, hunting, and fishing.
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In North Carolina, there is a directed nearshore winter trawl 
fishery which mainly harvests summer flounder; landings of southern 
flounder generally comprise 1% or less of this fishery (Ross 1991). 
Pound nets were introduced in North Carolina in the early 1870's 
(Wolff 1977) and are now utilized in an inshore fishery in which 
southern flounder predominates.

3.2 Commercial Fishery
Flounder are landed commercially on both the Atlantic and Gulf 

coasts. There are nearly two dozen species of flounder found in 
the Gulf of Mexico, most of which are caught by commercial shrimp 
trawlers (Shipp 1986; Reagan and Wingo 1985). The majority of 
these flounder are southern flounder. Florida has a minimum size 
limit on flatfish of 11", and Nall (1979) thought many were 
harvested before their first spawn. Texas has had a 12" minimum 
size limit for flounder entering the commercial market for many 
years; as a result, most southern flounder sold are females because 
males seldom reach this length. In a study conducted by Stokes 
(1977) during 1974-75, 74% of the Texas commercial flounder catch 
consisted of female southern flounder in their second and third 
years of life, 12" to 18" TL.

Flounder are also included in industrial bottomfish catches, 
although not a major component. Flounder are generally removed 
from these catches and sold separately, rather than leaving them in 
the groundfish catch which is sold as pet food or fish meal. Meal 
is normally used as a protein supplement in poultry feeds, or for 
crab bait. Christmas (1973) included southern flounder as an 
industrial bottomfish, and Roithmayr (1965) listed eight species of 
flounder in the family Bothidae which enter industrial bottomfish 
catches in the northern Gulf of Mexico. They included the 
southern, ocellated (Ancvloosetta quadrocellata), Mexican 
(Cvcloosetta chittendeni), fringed (Etroous crossotus), shoal 
l Svacium aunteri) , dusky (S vac i urn papillosum) , and gulf flounder, 
as well as the spotted whiff (Citharichthvs macrops) . The main 
industrial bottomfish in the northern Gulf of Mexico include 
croaker, spot, sand and silver seatrout .(Cvnoscion arenarius and £. 
nothus), cutlassfish (Trichiurus lepturus), sea catfish (Arius 
felis), and longspine porgy (Stenotomus caprinus). The overall 
catch also includes at least 170 additional species, of which 
southern flounder is not one of the more important representatives.

From 1965 through 1984 the pounds and value of flounder 
commercially landed in Louisiana were relatively stable. From 1985 
through 1994, Louisiana led other Gulf states in both pounds and 
value (Table 16) as landings declined in Texas, Alabama, and the 
west coast of Florida. The total pounds of flounder landed in the 
Gulf states has remained relatively stable for the 30 year period
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from 1965 through 1994, but value has increased by 88%. Changes in 
other fisheries also affect flounder harvest, as evidenced by a 
sharp increase in flounder landings in Texas during 1982 (Table 16) 
resulting from the prohibition of red drum and spotted seatrout 
sales in 1981 (Johns 1990) . Simultaneous increases also occurred 
in sheepshead (Archosaraus probatoceohalus), black drum, and 
snapper (Lujanidae spp.) landings. By 1989, landings of flounder 
and sheepshead in Texas declined sharply; however, the combination 
of black drum, flounder, and snapper landings comprised 54% of all 
finfish landings and 61% of the total ex-vessel value for finfish.
3.2.1 Description of Fishing Activities

Gear types (butterfly nets, shrimp trawls, gill nets, trammel 
nets, handlines, longlines, purse seines, and haul seines) used to 
harvest southern flounder in Louisiana waters are basically the 
same as those used to commercially harvest black drum, sand 
seatrout, spotted seatrout, shrimp, and many other marine species. 
Shrimp trawls and gill nets account for over 96% of the commercial 
flounder harvest in Louisiana (Table 17). Although spears and/or 
spearing are normally associated with the harvest of flounder, no 
commercial landings for flounder attributed to this method has been 
reported in Louisiana for many years. Only barbless spears can be 
legally used to commercially or recreationally "gig" flounder in 
Louisiana waters. Historically, flounder were usually harvested 
commercially with spears, known as "gigging", haul seines, trammel 
nets, gill nets, and to a lesser extent with shrimp trawls 
(Ginsburg 1952).

Pound nets are used to harvest southern flounder on the 
Atlantic coast, mainly in North Carolina. This gear has been in 
use in North Carolina since at least the early 18701s (Wolff 1977) .

In South Carolina, most flounder landed commercially were 
taken as incidental catch in the shrimp trawl fishery (Smith 1981). 
Shrimp trawls are also the primary gear which harvest most 
commercially landed flounder in Louisiana. An average of 77.2% of 
flounder landed during the 10-year period from 1980 through 1989 
were caught in shrimp trawls (Table 17).- In a diel trawling study 
done in Vermilion Bay, Louisiana, Dugas (1975) found 89% of 
southern flounder were caught at night. Based on a tank study 
conducted by Dugas (1975), they were more active at night, and as 
a result more vulnerable to trawling activity. Shrimp trawls used 
by Louisiana commercial fishermen are usually flat trawls, balloon 
trawls, or variations of these trawl types with two to four seams. 
They are referred to as mongoose trawls, scorpion trawls, tongue or 
bib trawls, semi-balloon trawls, and twin trawls, and range in size 
from 16 to 70 feet in cork-line length. Flounder caught in shrimp 
trawls are normally part of the incidental catch and are usually 
not targeted by trawlers.
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During the 10-year period from 1980 through 1989, gill nets 
and drift/runaround gill nets accounted for 19.3% of the Louisiana 
commercial flounder landings (Table 17).

Trammel nets are another popular gear used for harvesting 
commercial species. They are usually fished during cooler months 
in inshore waters or along beaches when many of the less desirable 
species such as sea catfish and pinfish (Laaodon rhomboides) have 
moved out of these areas. Trammel nets consist of at least three 
layers of webbing attached to a single corkline and a single 
leadline. The inner layer is a smaller mesh size than the two 
outside webbings. As fish come into contact with the smaller 
inside webbing it is forced through the larger meshed outside 
layers, forming a pocket in which the fish is entangled (Gresham 
1963) . Trammel nets are normally fished by one or two fishermen in 
small to moderate sized vessels up to 25 ft in length.

Handlines and longlines are normally fished in offshore 
waters. According to Gutherz et al. (1975), handlines are fished 
in waters from 20 - 39 fm near offshore oil platforms. Handlines 
employ a weighted cord with hooks spaced along its length and can 
be fished near the bottom or at whatever depth fish are 
encountered. They are usually operated by hand or with the use of 
downriggers.

Longlines may be up to one or two miles long and have several 
floats and weights attached periodically and hooks along its 
length. This gear is used to fish waters of any depth to 
approximately 180 fm, depending on what species you wish to catch 
(Horst and Bankston 1987). Methods of rigging and fishing 
handlines and longlines vary extensively among fishermen. Only a 
small percentage of commercially harvested flounder are landed 
using these methods, however.

Purse seines are used mainly in offshore waters to harvest 
large schools of fish. This net is used to surround a school of 
fish, and a purse line in the bottom of the net is drawn in to 
close the bottom of the net and prevent fish from escaping. Once 
the net is pursed and drawn down, the fish can be scooped out with 
large dip nets or pumped out mechanically. Purse seines are 
usually deployed from a large vessel of over 100 ft in length, 
assisted by smaller boats. Schools of fish are normally located by 
spotter plane pilots and the vessels directed to their location. 
Purse seines are a relatively insignificant gear used in the 
commercial harvest of flounder in Louisiana, as only 33 pounds were 
reported landed by this gear during the 10-year period between 1980 
through 1989 (Table 17) . Permits for use of purse seines in 
inshore waters of Louisiana have not been available since 1986.

Haul seines are another of the less important gear types used
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to commercially harvest flounder in Louisiana waters. They are 
used in inshore and near offshore waters to surround schools of 
fish to be harvested, and were also used in conjunction with 
spotter planes. They are usually deployed from small to medium 
sized boats and normally target species such as black drum and 
sheepshead (Luquet et al. 1996). Larger freight boats are 
sometimes used to haul catches to market. Seines used in Louisiana 
waters for the commercial harvest of saltwater fish were limited to 
1,200 ft in length. This gear is now prohibited in Louisiana 
waters, but may be used in the Exclusive Economic Zone (EEZ) if 
legally licensed and permitted.

Butterfly nets, also known as wing nets or paupiers (Louisiana 
French), generally harvest flounder incidental to the targeted 
shrimp! catch. However, butterfly nets have been used to target 
flounder on ocassions when shrimp and other targeted species were 
less abundant and large flounder runs occurred, normally during the 
fall months of October and November. Butterfly nets are used 
mainly in bayous, channels, and passes to harvest shrimp along with 
incidental species during periods of strong falling tides and 
during declining temperatures and water levels. Butterfly nets are 
usually mounted on rectangular metal frames which form the mouth of 
the net which tapers back to the tail or cod end (Capone, Jr. 
1986). The nets can be mounted on stationary platforms, boats or 
barges, and fished by anchoring in the current during a falling 
tide or may be pushed through the water using the vessel's engines. 
These nets mainly fish the upper water column and usually work best 
at night, on tides associated with lunar cycles, during cold front 
passage, and in turbid waters. From 1980 through 1989, butterfly 
nets were reported as comprising an average of 2.1% of the annual 
flounder harvest in Louisiana (Table 17).

Since 1988 a commercial gear license is required for flounder 
gigs and spears in Louisiana as well as other legal gear types not 
previously requiring a license. No resident commercial flounder 
gig licenses were sold in 1989, and a total of only 34 were sold 
for the five-year period 1990-1994.

The number of commercial licenses by gear sold to Louisiana 
commercial fishermen from 1980 through 1994 is shown in Table 18. 
Although these figures only represent the number of gear licenses 
sold to commercial fishermen, they indicate the amount of 
commercial effort occurring in Louisiana waters for targeted 
species. The southern flounder is a tasty part of the incidental 
catch associated with many of these activities.
3.2.2 Effort and Harvest

In Louisiana the majority of flounder landed commercially were 
harvested from inshore waters seaward to three nautical miles from
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shore (Table 19). This is not unexpected, as most shrimp trawling 
occurs in state waters. Flounder landings in the Gulf of Mexico 
have remained relatively stable after peaking in 1972, although the 
price per pound has increased significantly (Table 16). In 1916 
approximately 214,000 pounds of flounder were landed in Louisiana 
and were sold at per pound. In 1972, 501,800 pounds were sold 
at approximately 18<= per pound. By 1994, about 974,700 pounds 
valued at $1,278,000 were landed, averaging $1.31 per pound.

From 1965 through 1994 reported landings in Louisiana ranged 
from a low of 136,962 pounds in 1981 to a high of 974,700 pounds in 
1994 (Table 16). The 30-year average commercial harvest for 
flounder was approximately 436,600 pounds, ranking Louisiana second 
among the five Gulf coast states. Alabama reported the greatest 
mean poundage landed during this period, while Mississippi averaged 
the least. Landings recorded by the National Marine Fisheries 
Service (NMFS) were combined for all flounder species; according to 
Reagan and Wingo (1985) the southern flounder probably predominates 
the Gulf states' flounder landings. Swingle (1976) reported over 
95% of the flounder harvested in Alabama were caught in shrimp 
trawls offshore with 4% to 5% taken with fish gigs and spears and 
only a negligible amount with gill and trammel nets.

In Louisiana most flounder are commercially landed during 
October, November, and December (Table 20) . This is due to the 
flounder's habit of moving into offshore areas as water 
temperatures decline and spawning begins during the fall and 
winter. As flounder become more active during this time they 
become more susceptible to being caught by shrimp trawls, gill 
nets, trammel nets, and butterfly nets. Catches by all these gear 
types increases significantly at this time (Table 21). Although 
catches peak during the fall, flounder composed a major component 
of the bycatch kept and sold from the commercial black drum gill 
net fishery in Louisiana during April, May, and June 1986 (Russell 
et al. 1986).

According to Stokes (1977) both the southern and gulf flounder 
are harvested commercially and recreationally in Texas waters, with 
southern flounder usually accounting for over 95% of the total 
catch. He advised that October and November were generally the 
months of peak catch in channels and passes when flounder move 
offshore to spawn. Christmas and Waller (1973) also indicated the 
importance of the southern flounder in Mississippi as a highly 
prized food fish sought by both commercial and sport fishermen and, 
due to its abundance in that area, dominating commercial and sport 
landings. Both Mississippi and Texas have reported commercial 
harvest of flounder by gigs. Southern flounder retained as bycatch 
in the Texas commercial shrimp trawl fleet ranged in size from 3.2" 
to 15.2" TL in samples taken during April-November 1978 (Matlock 
1982). Matlock (1982) also found most of the southern flounder
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caught by commercial shrimp trawlers in Texas bays were juvenile 
fish. He estimated the mean catch rate for southern flounder at
5.3 ± 1.0 fish/hour with no significant difference in the catch 
rate during the eight month sampling period. Of the ten species of 
flatfishes caught, only southern flounder, bay whiff (Citharichthvs 
soilopterus), ocellated flounder, and blackcheek tonguefish 
(Svmohurus plaaiusa) were caught in all bay systems at least once 
during the sampling period with southern flounder occurring most 
often (78.7% of the time).

Trammel nets have historically been used in Texas to monitor 
primarily five species of fish: southern flounder, black drum, red 
drum, sheepshead, and spotted seatrout (Matlock 1985). During the 
period October 1977 through April 1980, a total of 1,388 southern 
flounder ranging in size from 105 mm (4.1") to 655 mm (25.8") , 
averaging 310 mm (12.2"), were caught (Matlock 1985).

According to Biro (1991), North Carolina led the Atlantic 
coast in flounder landings in 1990, with 4.5 million pounds of 
summer flounder and three million pounds of southern flounder. In 
contrast, the total commercial landings of southern flounder in all 
five Gulf states during 1990 was only 715,700 pounds. She also 
indicated there is a growing demand by the Japanese for live 
southern flounder utilized as sushi. She reported commercial 
landings for summer flounder decreased by 40% and recreational 
landings for southern flounder decreased by almost 90% from 1988 to 
1989. She stated some federal officials as well as some fishermen 
claim that reduction in summer flounder catch was mainly due to 
overfishing because of the high prices being paid for fish. 
According to Biro (1991) , flounder are the third most valuable fish 
landed in North Carolina, following menhaden (Brevoortia tvrannus) 
and grey trout or weakfish (Cvnoscion reaalis). Epperly (1984) 
found some of the gear types used to harvest southern flounder in 
North Carolina included pound nets, gill nets, crab trawls, haul 
seines, and to a lesser degree, winter trawls. Phalen et al. 
(1989) , in a study comparing two trawls used for monitoring 
juvenile fish abundance in North Carolina, found that a heavily 
chained trawl caught southern flounder at a much greater rate than 
an unmodified net and that it also caught smaller individuals. 
They found that heavily chained trawls used over muddy substrates 
preferred by small southern flounder yielded much better juvenile 
indices than regular trawls. They did not discuss possible 
commercial use of this gear, however.
3.3 Recreational Fishery

Southern flounder are a very popular recreational species 
because of the quality of the flesh and the challenge of the 
activity. Being euryhaline, catches of southern flounder are 
generally high along beaches and barrier islands, inshore lakes and
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bays, and even in some freshwater areas. Most of the major sport 
fishes caught in Louisiana waters are estuarine dependent, 
including the southern flounder (Wagner 1973). According to 
Adkins et al. (1990) southern flounder, along with the Atlantic 
croaker, black drum, sheepshead, hardhead catfish, red drum, 
spotted seatrout, and ladyfish (Elops saurus) were among the 
marine/estuarine species caught by anglers during a 1984 Louisiana 
creel survey of recreational anglers. Primarily targeted species 
included spotted seatrout, red drum, mackerels, and snappers; 
seldom southern flounder. Less than 1% of anglers interviewed 
expressed a preference for southern flounder as a targeted species. 
A 1993 survey indicated that they ranked third in angler preference 
when caught, following spotted seatrout and red drum, which ranked 
first and second respectively (Kelso et al. 1994).

Southern flounder ranked ninth in percent composition of the 
81 total species caught by recreational anglers (Adkins et al. 
1990). They were surpassed by red drum, hardhead catfish, spotted 
seatrout, "white" seatrout (combined £. arenarius and £. nothus), 
Atlantic croaker, sheepshead, black drum, and largemouth bass 
(Microoterus salmoides). These species accounted for over 90% of 
the catch. During the survey, southern flounder, when caught, were 
kept more than 85% of the time. Also, the peak catch of flounder 
with rod and reel was recorded from September through November. 
Jackson and Timmer (1976) suggested October and November were also 
the best months for flounder gigging. Duffy (1977), while 
discussing flounder gigging on Grand Isle, Louisiana, suggested 
that the peak flounder run may begin in June and last for four 
months with the best fishing in July, August, and September. 
Recreational and commercial gig fishing in North Carolina generally 
occurred from August through December depending on weather 
conditions (Wolff 1977). According to Swingle (1976), 57% of the 
total sport catch of flounder from 1965-75 in Alabama was taken by 
gigging in shallow bays at night.

In Texas, private boat fishermen catching southern flounder 
along with sand seatrout, Atlantic croaker, and red drum accounted 
for 45% of landings in bay systems (Maddux et al. 1989). As in 
Louisiana, two good months for flounder gigging in Texas were 
October and November (Stokes 1977).

Experiments in Texas (Henderson 1972) dealt with distribution 
of this species in fresh water reservoirs as a benefit to 
recreational fishermen. These fish generally exhibited growth and 
condition patterns at least equal to their counterparts in marine 
waters. They were found to be adaptable to this environment, and 
well received by the fishing public.

3.3.1 Description of Fishing Activities
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Most recreational fishermen harvest flounder with rods and 
reels or flounder gigs. In Louisiana, peak catches occurred during 
September, October, and November with an average size of 345 mm 
(13.6") recorded (Adkins et al. 1990). A similar study in 
Barataria Bay, Louisiana revealed the most productive baits used 
included live bait, dead/cut bait and a combination of artificial 
and dead/cut baits (Guillory and Hutton 1990). Small artificial 
grubs are commonly fished near the bottom or jigged around pilings, 
bulkheads, piers, and rock jetties to catch flounder. Barrier 
islands are also highly productive areas for flounder. Small 
spoons and plastic jigs fished over shallow sandy bottoms catch 
flounder buried in sand waiting to ambush their prey. In a survey 
of Georgia's coastal recreational fishery, the principal bait used 
to catch southern flounder was live shrimp (72%) followed by live 
minnows (16%), dead shrimp (8%), and artificial lures (4%) (Music 
and Pafford 1984). The survey also found that fish were the most 
frequently found food item in southern flounder stomachs and that 
most flounder fishermen preferred live mummichogs and small mullet 
as bait. Usually, the most productive fishing times are during ebb 
tides, which drain shallow flats and force prey species through 
channels into the surf zone and along beaches.

Probably the most commonly used gear for flounder fishing is 
the gig. This fishing method usually involves wading in shallow 
waters along a sandy beach or shoreline of a bay at night using a 
light to find flounder and spearing them. Warlen (1975) gave a 
comprehensive description of conditions and equipment necessary for 
a successful night of flounder gigging. Tide, wind, moon phase, 
water clarity, and bottom type can all play an important role in 
the success of flounder gigging. Duffy (1977) reported some 
fishermen believed the moon had little effect on flounder; it 
merely made moving about on the mud flats easier. Many fishermen 
disagree and believe a dark moon phase is best because flounder 
appear to be light adapted on moonlit nights and seem to swim about 
more and readily avoid approaching fishermen.

Historic light sources include pine knots which were 
eventually replaced by torches consisting of a burner on the end of 
a pipe protruding a few feet beyond the bow of a flat-bottomed 
skiff containing a kerosene tank for fuel (Hildebrand and Cable 
1930). Following this, Coleman lanterns or similar light sources 
were most often utilized, and remain very popular. They now share 
usage with portable lights generally powered by a six or 12 volt 
battery and a 50 to 100 watt bulb. Electric lanterns and 
flashlights which "are too powerful emit a concentrated beam and 
cause reflection, as opposed to an equally distributed source of 
light which is more desirable for spotting flounder. At best, 
flounder are difficult to see while buried in the sandy mud bottom 
because of their camouflage coloration (Duffy 1977).
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Flounder gigs range from a simple sawed-off mop handle with a 
sharpened nail in the end to an aluminum or steel rod sharpened at 
one end for stabbing the flounder. Often, a hole drilled at the 
opposite end allows attaching a stringer. The flounder can then be 
slid along the pole onto the string, minimizing loss. Although 
barbless gigs are required in Louisiana, other states allow the use 
of single or multi-pronged gigs which have barbs; multi-pronged 
gigs may cause more damage to fish but insure a better chance of 
catching your prey. Other vital equipment includes an old pair of 
tennis shoes or boots for walking over shells and bottom debris. 
Additionally, good eyesight to notice stingrays frequenting the 
same waterbottoms as flounder is necessary, as this fish can 
inflict a painful wound if encountered. A successful night of 
flounder gigging can produce 25 to 100 fish or more, especially 
during late summer to early fall (Duffy 1977).
3.3.2 Effort and Harvest.

Texas and Louisiana have historically yielded the majority of 
southern flounder landed by marine recreational fishermen in the 
Gulf of Mexico. Southern and gulf flounders dominate the marine 
recreational catch of flounder in the Gulf of Mexico. Recreational 
landings of southern flounder and Gulf flounder are surpassed by 
the harvest of other flounder such as the summer and winter 
flounders (Pseudooleuronectes americanus) on the middle and north 
Atlantic coasts. Extensive recreational fisheries for these 
species occur in those regions (Table 22). Spotted seatrout and 
red drum are generally the most frequently targeted species in the 
Gulf of Mexico and, with higher species diversity available in this 
region, the southern flounder is not a dominant resource as are 
summer and winter flounders on the Atlantic coast.

The majority of all flounder landed in the Gulf region are 
harvested from inland waters and within three miles of the 
shoreline (Table 19) . In Louisiana, the majority of southern 
flounder were harvested from marsh and lake/bay areas: average 
sizes taken in those areas were 340 mm (13.4") and 363 mm (14.3") , 
respectively, with little variation in size on a monthly basis 
(Adkins et al. 1990). Recreational saltwater angling in Louisiana 
has steadily increased over the ten-year period from 1984-85 
through 1993-94 as reflected in numers of licenses sold (Table 23). 
There was a 62% increase in the number of resident recreational 
saltwater licenses sold during this period. The Louisiana Outdoor 
Writers Association official fish records for fresh and saltwater 
game fish in Louisiana lists a 12 pound 2 ounce record in the 
southern flounder category caught in February 1969 by Mr. Clarence 
Craig. The International Game Fish Association all-tackle world 
record southern flounder as of 1990 weighed 20 pounds 9 ounces and 
was caught by Larenza W. Mungin on December 23 1983 at Nassau 
Sound, Florida (Harry 1990) .
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3.4 Mariculture
Various researchers studied southern flounder under laboratory- 

conditions; Lasswell et al. (1978) successfully induced spawning of 
southern flounder by utilizing carp pituitary hormone. Arnold et 
al. (1977) regulated photoperiod and temperature to simulate 
seasonal variations which induced adult southern flounder to spawn 
(Table 5). Deubler (1960) experimented with the effects of 
salinity on growth of postlarval southern flounder. White and 
Stickney (1973) and Stickney and White (1974b) described some 
problems associated with flatfish rearing.

Since southern flounder adapt physiologically to salinity both 
seasonally and with age, rapid growth in an aquaculture operation 
could be expected if the proper salinity regimes were adjusted to 
meet optimum requirements (Stickney and White 1974a). They 
suggested postlarvae should be maintained at 25-30 ppt until they 
attained a weight of approximately 100 mg, then transferred to 
salinities of 5-15 ppt. Mortality did occur, but was not 
associated with any particular salinity although generally higher 
rates at higher salinities were recorded. White and Stickney 
(1973) stated flounder should be maintained at salinities of 5-20 
ppt and a constant temperature of approximately 25° C to provide 
rapid growth. The rearing site should also be free of pollutants. 
Lasswell et al. (1977) noted newly metamorphosed southern flounder 
acclimated from seawater to freshwater with no mortality, and 
exhibited rapid growth after stocking in fresh water. They 
concluded survival of this species in freshwater reservoirs should 
be high. Henderson (1972) considered southern flounder a hardy 
species for freshwater stockings and introduced fingerlings into 
freshwater reservoirs. Recaptured fish exhibited growth equal to 
or exceeding that recorded in coastal waters.

In lab studies, Lasswell et al. (1977) noted low fecundity and 
a low percentage of fertilization and hatching success, and did not 
recommend this species for mass culture, while Arnold et al. (1977) 
proved southern flounder could be successfully raised and 
maintained to fingerling size under laboratory conditions.

White and Stickney (1973) indicated the presence of a 
hierarchal structure in flatfish populations in early life. 
Hatchlings became dominant, maybe outcompeting smaller fish for a 
sufficient amount of food even at low stocking densities. They 
suggested food (and its presentation) and disease control as the 
two areas of major concern to all larval fish development. Decay 
of food remnants could promote bacterial and ammonia accumulation; 
being sight feeders, flounder must be trained to accept non-living 
food. Feeding of live brine shrimp (Artemia salinal to postlarvae 
and larvae could alleviate some of these problems. In preliminary 
aquaculture studies Stickney and White (1974b) described the
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presence of the viral disease "lymphocystis". Although not often 
fatal, the presence of whitish nodules on fins and body could 
reduce the individuals' marketability. This problem was seemingly 
solved by use of secondary tank filters and soft ultraviolet light 
sterilization. Another condition common to fish reared in 
fiberglass tanks lacking natural substrate was ambicoloration. 
This condition could also affect marketability.
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4.0 ECONOMICS

4.1 Economics of the Commercial Southern Flounder Fishery
An economic analysis of a commercial fishery involves dockside 

values, although dockside prices will not measure the total benefit 
of the fishery to society. Commercial fishermen may accept lower 
financial returns and more uncertain benefits to remain within 
their occupation. There may be other non-monetary values the 
fisherman receives, such as more freedom, aesthetic settings, 
wildlife seen while fishing, working outdoors; dockside value will 
not completely capture this value.

The total benefit to consumers of southern flounder is greater 
than a dockside price. Total benefits include the dockside price, 
any value added, and the willingness of some consumers to pay more 
than the market price. Value added is any processing or 
preparation of the fish. Some consumers would be willing to pay 
more for flounder than the market price because they derive more 
satisfaction from its consumption. Total benefits to the Louisiana 
economy would include all these items.

Dockside values are useful in trend analysis of the fishery. 
Economic data associated with Louisiana's commercial landings of 
southern flounder for 1980-94 is contained in Table 24. Landings 
have increased from slightly over 160,000 pounds in 1980 to over 
974,000 pounds in 1994. Further, price per pound has increased 
from $0.53 per pound in 1980 to $1.31 in 1994. The value of the 
southern flounder fishery in Louisiana was over one million dollars 
in 1994.

Information on annual landings, prices, and total value are 
shown graphically in Figures 15-17. The two graphs showing 
landings compare price trends, nominal and real. The effect of 
inflation on prices is removed by adjusting price by the consumer 
price index (base period of 1982-1984). Since 1980, the real price 
per pound for southern flounder has been steadily increasing.

As evident, the southern flounder fishery commands a 
relatively low percentage of the total value of Louisiana's 
commercial seafood industry. Since this fishery comprises a single 
component of Louisiana's commercial fishing sector, it is important 
to identify the change in commercial harvesting revenues that would 
be associated with a decline in commercial catches of southern 
flounder. Overall industry revenues may not decline 
proportionately with declining landings because commercial 
fishermen can often redirect efforts to other species. Thunberg et 
al. (1991) concluded that restrictions on red drum harvest led to 
only a moderate decline in revenues from Florida's nearshore
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fishery because fishermen were able to redirect efforts to other 
nearshore species. They also found the ability to switch to other 
species was geographically dependent. Caution should be exercised 
when applying these results to Louisiana. Furthermore, ability to 
redirect commercial effort will become increasingly limited as 
additional restrictions are placed on more species.
4.2 Economics of the Southern Flounder Recreational Fishery

Recreational fishing is a highly diverse activity and has 
economic value. Participants are seeking a recreational experience 
and are willing to pay more for this activity than it actually 
costs them. Households actually "produce" recreational trips by 
allocating their time, buying market services, and combining these 
with publicly provided natural resources (McConnell and Strand 
1994). The value of recreational fishing is variable across 
individuals and trips. It will depend on many conditions--the 
quality of fishing, the weather, the skill of the angler, etc.

There are two kinds of economic value for recreational 
fishing, one being the access value to a resource. Access pertains 
both to the overall opportunity for fishing and to the opportunity 
for fishing in specific locations. The value of access is what 
anglers would pay rather than do without or the amount they would 
accept in compensation for their loss of access. The second kind 
of economic value is the value of catching an additional fish. 
This is the amount an angler is willing to pay to catch more fish, 
larger fish, or more desirable fish. This amount will depend on 
many things, such as species sought, the time when fishing takes 
place, mode of fishing, weather, and environmental conditions.

Estimation of the value of a recreational fishery such as 
flounder involves the measure of species specific effort and 
expenses incurred. There have been several studies made to collect 
total numbers of recreational fishermen, percentage of fishermen 
targeting various species, average number of fishing trips per 
year, and expenditures per trip. Data from those studies have been 
highly variable among studies, even over the same time period. 
Conclusions drawn from those studies should therefore be viewed 
with caution.

Recreational fishing effort depends primarily upon the number 
of fishermen and number of trips per fisherman. Individual fishing 
effort is largely a function of expenses incurred in the activity 
and perceived benefits received from the activity. As costs rise 
and benefits remain the same, effort tends to decrease. Costs can 
increase through increased spending, in relation to other leisure 
activities, or as a fraction of disposable income. Anglers can 
receive both tangible and intangible benefits from fishing 
activities. Tangible benefits include the number or quality of
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fish caught. Intangible benefits can be enjoyment of the outdoors, 
change in routine, and companionship.

Fishing effort will continue as long as economic costs are not 
greater than angling satisfaction (or what economists call 
utility). Fishing net benefits (satisfaction minus costs) may 
decline due to satiation, declining catch per angler, congestion at 
favored locations, degradation of aesthetic value of trips, or from 
increased fishing costs..

Direct expenditures per trip for marine recreational anglers 
in Louisiana were estimated at $53 (Kelso et al. 1992), $64 
(Bertrand 1984), $75 (Kelso et al. 1991), and $133 (Titre et al. 
1988)., Direct expenditures include spending for automotive and 
boat fuel, lodging, food and drinks, ice, boat launch fee, bait, 
and other expenses directly related to the trip. In addition to 
trip expenditures, anglers purchase equipment (boats, motors, 
trailers, vehicles) and specialty gear. This equipment is used for 
more than one trip and even over several years, and their cost 
needs to be allocated over time. Published annual estimates of 
these expenses vary widely depending on what is included: $698 (U. 
S. Fish and Wildlife Service 1993), $824 (Kelso et al. 1991), and 
$1108 (Kelso et al. 1992).

Bertrand (1984) estimated total annual expenditures by 
saltwater anglers in Louisiana as 180.6 million dollars. Estimates 
can also be calculated from other surveys. From a 1985 survey, the 
U. S . Fish and Wildlife Service (1988) estimated that Louisiana 
residents spent a total of $197 million on saltwater fishing 
expenses, including equipment and trip-related expenses. 
Nonresident anglers spent an estimated $37.6 million in trip- 
related expenses in Louisiana. To estimate total nonresident 
expenses, nonresident data was adjusted to include equipment 
expenses in the same proportion as resident spending, yielding 
total annual saltwater expenses of $210 million. From the next 
survey in 1991, the U. S . Fish and Wildlife Service (1993) 
estimated expenditures of $158.8 million by state residents on 
saltwater angling. If the ratio of nonresident to resident 
expenditures is the same as in 1985, - then the total saltwater 
fishing expenditures would have been $167.7 million in 1995.

Direct expenditures for the fishing trip may be less than an 
angler would be willing to pay for the whole experience. The 
difference between costs of the trip and what the angler is willing 
to pay is called consumer's surplus. This is a measure of the 
value that an angler receives for benefits other than the fishing 
activity. Titre et al. (1988) found that the average recreational 
user would be willing to pay approximately $320 to $360 annually 
for the right to recreate in Louisiana wetlands under certain 
conditions of harvest, cacch, and amenity situations. This $320 to
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$360 represents an estimate of the consumer's surplus and, when 
added to direct expenditures, provides a total economic value for 
an angler's trip.
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5.0 RESEARCH NEEDS

Research needs regarding southern flounder life history 
generally can be divided into two major categories: inshore and 
offshore aspects. Because of the life cycle, sexual maturity, 
spawning, and early life history are dependent upon, and 
accomplished in, offshore areas. Research should be undertaken 
relative to required spawning habitat, physiological requirements 
of the animal, fecundity, larval transport mechanisms, and early 
life history specifics such as food requirements.

Because inshore waters are utilized for late larval, juvenile, 
and subadult stages, research should be undertaken on food 
requirements, effects of loss of habitat due to coastal erosion, 
subsidence, and associated factors. Possible effects of an 
increased fishery on subsequent populations should also be 
investigated. Weight and/or length limits, seasons, and market 
conditions should be investigated for possible management 
implications.

54



SOUTHERN FLOUNDER January 30, 1997

Adkins, G. and P. Bowman. 1976. A study of the fauna in dredged canals of 
coastal Louisiana. Louisiana Department of Wildlife and Fisheries, 
Technical Bulletin Number 18, 72 pp.

Adkins, G ., V. Guillory, and M. Bourgeois. 1990. A creel survey of Louisiana 
recreational saltwater anglers. Louisiana Department of Wildlife and
Fisheries, Technical Bulletin Number 41:1-58.

Adkins, G ., J. Tarver, P. Bowman, and B . Savoie. 1979. A study of commercial
finfish in coastal Louisiana. Louisiana Department of Wildlife and 
Fisheries, Technical Bulletin Number 29, 87 pp.

Ahlstrom, E. H. , K. Amaoka, D. A. Hensley, H. G. Moser, and B. Y. Sumida. 1984. 
Pleuronectiformes:Development. Pages 640-670 in H. G. Moser, editor. 
Ontogeny and Systematics of Fishes. American Society of Ichthyology and 
Herpetology, Special Publication Number 1.

Arnold, C. R., W. H. Bailey, T. D. Williams, A. Johnson, and J. L. Lasswell.
1977. Laboratory spawning and larval rearing of red drum and southern 
flounder. Proceedings of the Annual Conference of the Southeastern 
Association of Fish and Wildlife Agencies 31:437-440.

Arnold, E. L., Jr., R. S. Wheeler, and K. N. Baxter. 1960. Observations on 
fishes and other biota of east lagoon, Galveston Island. U. S. Fish and 
Wildlife Service, Special Scientific Report 344, 30 pp.

Benson, N. G., editor. 1982. Life history requirements of selected finfish and 
shellfish in Mississippi Sound and adjacent areas. U. S. Fish and 
Wildlife Service, Office of Biological Services, Washington D. C. 
FWS/OBS-81/51, 97 pp.

Bertrand, A. L. 1984. Marine recreational finfishermen in Louisiana: 
Socioeconomic study of licensed recreational finfishermen fishing in 
Coastal Study Area IV. Louisiana State University, Coastal Ecology and 
Fisheries Institute, Technical Series 3.

Biro, E. 1991. In North Carolina, trawlermen struggle with new flounder regs. 
National Fisherman 71(11):19-21.

Breuer, J. P. 1962. An ecological survey of the lower Laguna Madre of Texas, 
1953-1959. Publication of the Institute of Marine Science, University of 
Texas 8:153-183.

Burdon, J. F. 1978. Section IV. Systematic account. Pages 115-131 in A Study 
of Louisiana's Major Estuaries and Adjacent Offshore Waters. Louisiana 
Department of Wildlife and Fisheries, Technical Bulletin Number 27.

Burke, J. S., J. M. Miller and D. E. Hoss. 1991. Immigration and settlement 
pattern of Paralichthvs dentatus and £. lethostioma in an estuarine 
nursery ground, North Carolina, U.S.A. Netherlands Journal of Sea 
Research 27 (3/4):393-405.

Capone, V. J. , Jr. 1986. Brown shrimp catch in Louisiana’s wingnet fishery: 
effects of moon phase, time of day, current and effort. Master's Thesis. 
Louisiana State University, Baton Rouge, Louisiana.

6 . 0  LITERATURE CITED

55



SOUTHERN FLOUNDER January 30, 1997

Christmas, J. Y. 1973. Cooperative Gulf of Mexico estuarine inventory and 
study, Mississippi. Gulf Coast Research Laboratory, Ocean Springs, 
Mississippi, 512 pp.

Christmas, J. Y. and R. S. Waller. 1973. Estuarine vertebrates, Mississippi. 
Pages 320-434 In J. Y. Christmas, editor. Cooperative Gulf of Mexico 
estuarine inventory and study, Mississippi. Gulf Coast Research 
Laboratory, Ocean Springs, Mississippi.

Conner, J. C. and F. M. Truesdale. 1972. Ecological implications of a 
freshwater impoundment in a low salinity marsh. Pages 259-276 In 
Proceedings of the Coastal Marsh and Estuary Management Symposium. 
Louisiana State University, Baton Rouge, Louisiana.

Czapla," T. C., M. E. Patillo, D. M. Nelson, and M. E. Monaco. 1991.
Distribution and abundance of fishes and invertebrates in central Gulf of 
Mexico estuaries. Estuarine Living Marine Resources Report Number 7, 
NOAA/NOS Strategic Environmental Assessments Division, Rockville, 
Maryland, 82 pp.

Dahlberg, M. D. 1972. An ecological study of Georgia coastal fishes. Fishery 
Bulletin 70(2):323-353.

Darnell, R. M. 1958. Food habits of fishes and larger invertebrates of Lake 
Pontchartrain, Louisiana, an estuarine community. Publication of the 
Institute of Marine Science, University of Texas 5:353-416.

Darnell, R. M. 1985. Distribution of fishes and penaeid shrimp of commercial 
and recreational importance on the continental shelf off Mississippi and 
Alabama. Pages 1-61 (Appendix B) In B. A. Vittor and Associates, Inc. 
Tuscaloosa Trend Regional Data Search and Synthesis Study (Volume II - 
Supplemental Reports). Report to Minerals Management Service, Metairie, 
Louisiana.

Darnell, R. M., R. E. Defenbaugh, and D. Moore. 1983. Northwestern Gulf shelf 
bio-atlas - a study of the distribution of demersal fishes and penaeid 
shrimp of soft bottoms of the continental shelf from the Rio Grande to the 
Mississippi River Delta. Open file Report 82-04. Metairie, Louisiana: 
Minerals Management Service, Gulf of Mexico OCS Regional Office, 438 pp.

Darnell, R. M. and J. A. Kleypas. 1987. Eastern Gulf shelf bio-atlas - a study 
of the distribution of demersal fishes and penaeid shrimp of soft bottoms 
of the continental shelf from the Mississippi River delta to the Florida 
keys. U. S. Department of the Interior/Minerals Management Service, New 
Orleans, Louisiana, OCS Study MMS86-0041, 548 pp.

Davis, J. T., B. J. Fontenot, C. E. Hoenke, A. M. Williams, and J. S. Hughes.
1970. Ecological factors affecting anadromous fishes of Lake 
Pontchartrain and its tributaries. Louisiana Wildlife and Fisheries 
Commission, Bulletin Number 9, 63 pp.

Dawson, C. E. 1967. Three new records of partial albinism in American 
heterosomata. Transactions of the American Fisheries Society 96(4):400- 
404.

Dawson, C. E. 1969. Three unusual cases of abnormal coloration in northern

56



SOUTHERN FLOUNDER January 30, 1997

Gulf of Mexico flatfishes. Transactions of the American Fisheries Society 
98:106-108.

DeGroot, S. J. 1971. On the interrelationships between morphology of the 
alimentary tract, food and feeding behavior of flatfishes
(Pisces:Pleuronectiformes). Netherlands Journal of Sea Research 5(2):121- 
196.

Delamater, E. D. and W. R. Courtenay, Jr. 1974. Studies on scale structure of 
flatfishes I. the genus Trinectes, with notes on related forms.
Proceedings of the 27th Annual Conference of the Southeastern Association 
of Game and Fish Commissioners 27:591-608.

Deubler, E . E. , Jr. 1958. A comparative study of the post larvae of three 
flounders (Paralichthys) in North Carolina, 1958. Copeia 1958 (2) :112- 
116.

Deubler, E. E . , Jr., 1960. Salinity as a factor in the control of growth and
survival of postlarvae of the southern flounder, Paralichthvs lethostioma. 
Bulletin of Marine Science of the Gulf and Caribbean 10(3):339-345.

Deubler, E. E., Jr. and G. S. Posner. 1963. Response of postlarval flounders, 
Paralichthvs lethostioma. to water of low oxygen concentrations. Copeia 
1963:312-317.

Deubler, E .  E., Jr. and J. C. White, Jr. 1962. Influence of salinity on growth 
of postlarvae of summer flounder, Paralichthvs dentatus. Copeia 
1962(2):468-469.

DeVries, D. A. and C. H. Harvell. 1982. Inshore paralichthid flounder tagging.
Pages 137-156 in North Carolina Estuarine Finfish Management Program - 
Project II. Completion Report for Project 2-372-R. North Carolina 
Department of Natural Resources and Community Development, Division of 
Marine Fisheries.

Duffy, M. 1977. Flounders on the tidal flats. Louisiana Conservationist 29(7 
and 8):4-7.

Dugas, R. J. 1975. Variation in day-night trawl catches in Vermilion Bay, 
Louisiana. Louisiana Wildlife and Fisheries Commission, Technical 
Bulletin Number 14, 13 pp.

Dunham, F. 1972. A study of commercially important estuarine-dependent 
industrial fishes. Louisiana Wildlife and,Fisheries Commission, Technical 
Bulletin Number 4, 63 pp.

Enge, K. M. and R. Mulholland. 1985. Habitat suitability index models: 
southern and gulf flounders. U. S. Fish and Wildlife Service, Biological 
Report 82(10.92), 25 pp.

Epperly, S. P. 1984. Fishes of the Pamlico-Albemar1e peninsula, North 
Carolina, area utilization and potential impacts. North Carolina 
Department of Natural Resources and Community Development. Division of 
Marine Fisheries, Special Scientific Report Number 42, 129 pp.

Etzold, D. J. and J. Y. Christmas, editors. 1979. A Mississippi marine finfish 
management plan. Mississippi-Alabama Sea Grant Consortium, MASGP-78-046,

57



SOUTHERN FLOUNDER January 30, 1997

36 pp.

Felley, J. D. 1987. Nekton assemblages of the Calcasieu River/Lake Complex. 
Pages 6-1 to 6-91 in L. R. DeRouen and L. H . Stevenson, editors. 
Ecosystem analysis of the Calcasieu River/Lake Complex. Final Report. 
Volume II. U.S. Department of Energy Grant Number DE-FG01-83EP31111.

Fox, L. S. and W. R. Mock, Jr. 1968. Seasonal occurrence of fishes in two 
shore habitats in Barataria Bay, Louisiana. Proceedings of the Louisiana 
Academy of Science 31:43-53.

Fox, L. S. and C. G. White. 1969. Feeding habits of the southern flounder, 
Paralichthvs lethostioma. in Barataria Bay, Louisiana. Proceedings of the 
Louisiana Academy of Science 32:31-38.

Franks, J. S. , J. Y. Christmas, W. L. Siler, R. Combs, R. Waller, and C. Burns.
1972. A study of nektonic and benthic faunas of the shallow Gulf of 
Mexico off the state of Mississippi as related to some physical, chemical 
and geological factors. Gulf Research Reports 4:1-148.

Gartner, J. V., Jr. 1986. Observations on anamalous conditions in some 
flatfish (Pisces:Pleuronectiformes), with a new record of partial 
albinism. Environmental Biology of Fishes 17(2) :141-152.

Gilbert, C. R. 1986. Species profiles: life histories and environmental
requirements of coastal fishes and invertebrates (south Florida) 
southern, gulf, and summer flounders. U. S. Fish and Wildlife Service, 
Biological Report 82(11.54), U. S. Army Corps of Engineers, TREL-82-4, 27
pp.

Ginsburg, I. 1952. Flounders of the genus Paralichthvs and related genera in 
American waters. Fishery Bulletin 52(71):266-351.

Gowanloch, J. N. 1933. Fishes and fishing in Louisiana. Louisiana Department 
of Conservation Bulletin 23. (Reprinted 1965 with addenda by Claude 
"Grits" Gresham, Claitor's Book Store, Baton Rouge, Louisiana).

Green, L. M. 1986. Fish tagging on the Texas coast, 1950-1975. Tees Barks arri 
Wildlife Department, Management Data Series Number 99, 206 pp.

Greenwood, P. , D. Rosen, W. Weitzman, and G. Myers. 1966. Phyletic studies of
teleostean fishes, with a provisional classification of living forms. 
American Museum of Natural History Bulletin 131:341-455.

Gresham, C. 1963. Freshwater commercial fishing in Louisiana. Louisiana 
Conservationist 15(5 & 6) :6-8, 23.

Guillory, V. and G. Hutton. 1990. A survey of the marine recreational fishery 
of lower Barataria Bay, Louisiana, 1975-1977. Pages 59-73 in Louisiana 
Department of Wildlife and Fisheries, Technical Bulletin Number 41.

Gunter, G. 1936. Studies of the destruction of marine fish by shrimp trawlers 
in Louisiana. Louisiana Conservation Review 5(4):18-24, 45-46.

Gunter, G. 1938. Seasonal variations in abundance of certain estuarine and 
marine fishes in Louisiana with particular reference to life histories. 
Ecological Monographs 8(3):315-346.

58



SOUTHERN FLOUNDER January 30, 1997

G u n t e r ,  G. 1 9 4 5 .  S t u d i e s  o n  m a r i n e  f i s h e s  o f  T e x a s . P u b l i c a t i o n  o f  t h e  
I n s t i t u t e  o f  M a r i n e  S c i e n c e ,  U n i v e r s i t y  o f  T e x a s  1 ( 1 ) : 1 - 1 9 0 .

G u t h e r z , E . J .  1 9 6 7 .  F i e l d  g u i d e  t o  t h e  f l a t f i s h e s  o f  t h e  f a m i l y  B o t h i d a e  i n  
t h e  w e s t e r n  N o r t h  A t l a n t i c . U. S .  F i s h  a n d  W i l d l i f e  S e r v i c e ,  C i r c u l a r  
2 6 3 ,  47 p p .

G u t h e r z , E . J .  1 9 7 0 .  C h a r a c t e r i s t i c s  o f  som e l a r v a l  b o t h i d  f l a t f i s h e s ,  a n d  
d e v e l o p m e n t  a n d  d i s t r i b u t i o n  o f  l a r v a l  s p o t f i n  f l o u n d e r ,  C v c l o n s e t t a  
f i m b r i a t a  ( B o t h i d a e ) . F i s h e r y  B u l l e t i n  6 8 ( 2 ) : 2 6 1 - 2 8 3  .

G u t h e r z ,  E . J . ,  G. M. R u s s e l l ,  A. F .  S e r r a ,  a n d  B . A. R o h r . 1 9 7 5 .  S y n o p s i s  o f
t h e  n o r t h e r n  G u l f  o f  M e x ic o  i n d u s t r i a l  a n d  f o o d  f i s h  i n d u s t r i e s .  M a r i n e  
F i s h e r i e s  R e v ie w  1 : 1 - 1 1 .

H a r r y ,  E .  K . ,  D i r e c t o r .  1 9 9 0 .  W o r l d  r e c o r d  gam e f i s h e s  -  I n t e r n a t i o n a l  Game 
F i s h  A s s o c i a t i o n  F r e s h w a t e r  a n d  S a l t w a t e r  A l l - T a c k l e  W o r ld  R e c o r d s .  T he  
I n t e r n a t i o n a l  Game F i s h  A s s o c i a t i o n ,  F o r t  L a u d e r d a l e ,  F l o r i d a  33 6  p p .

H a w k in s ,  J .  H. 1 9 8 2 .  E s t u a r i n e  f i s h  s t o c k  a s s e s s m e n t  n u r s e r y  a r e a  m o n i t o r i n g .  
P a g e s  4 0 - 1 3 6  I n  N o r t h  C a r o l i n a  E s t u a r i n e  F i n f i s h  M a n a g e m e n t  P r o g r a m .  
C o m p l e t i o n  R e p o r t  f o r  P r o j e c t  2 - 3 7 2 - R .  N o r t h  C a r o l i n a  D e p a r t m e n t  o f  
N a t u r a l  R e s o u r c e s  a n d  C o m m u n i ty  D e v e l o p m e n t ,  D i v i s i o n  o f  M a r i n e  F i s h e r i e s .

Henderson, G. G . , Jr. 1972. Marine introductions. Texas Parks and Wildlife 
Department. Final Job Completion Report, Federal Aid Project Number F-18- 
R-5, Job Number 8, 33 pp.

Henderson-Arzapalo, A., R. L. Colura, and A. F. Maciorowski. 1988. Temperature 
and photoperiod induced maturation of southern flounder. Texas Parks and 
Wildlife Department, Management Data Series Number 154, 20 pp.

Hensley, D . A. and E. H. Ahlstrom. 1984. Pleuronectiformes: relationships. Pages 
670-687 in H.G. Moser et al., editors. Ontogeny and systematics of fishes. 
Special Publication Number 1, American Society of Ichthyologists and 
Herpetologists.

Herke, W. H. 1971. Use of natural, and semi-impounded, Louisiana tidal marshes 
as nurseries for fishes and crustaceans. Doctoral dissertation. 
Louisiana State University, Baton Rouge, Louisiana.

Hickman, C . P. , Jr. 1968. Glomerular filtration and urine flow in the 
euryhaline southern flounder, Paralichthvs lethostioma. in seawater. 
Canadian Journal Zoology 46:427-437.

Hildebrand, H . H. 1954. A study of the fauna of the brown shrimp (Penaeus 
aztecus Ives) grounds in the western Gulf of Mexico. Publication of the 
Institute of Marine Science, University of Texas 3 :234-366.

Hildebrand, S. F. and L. E. Cable. 1930. Development and life history of
fourteen teleostean fishes at Beaufort, North Carolina. Bulletin of the 
U. S. Bureau of Fisheries 46:383-488.

Hoese, H . D. 1965. Spawning of marine fishes in the Port Aransas, Texas area 
as determined by the distribution of young and larvae. Doctoral

59



SOUTHERN FLOUNDER January 30, 1997

dissertation. University of Texas, Austin, Texas.
Hoese, H. D. and R. H. Moore. 1977. Fishes of the Gulf of Mexico, Texas, 

Louisiana, and adjacent waters. Texas A & M University Press, College 
Station, Texas.

Horst, J. and D. Bankston. 1987. Bottom longline fishing off Louisiana's 
coast: techniques for profits. Louisiana State University, Sea Grant
Publication Number LSU-T-87-001, 37 pp.

Hubbs, C. L. 1943. Terminology of early stages of fishes. Copeia: 250 pp.
Jackson, P. M. and D. Timmer, Jr. 1976. A guide to fishing in Louisiana, the 

sportsman's paradise. Louisiana Wildlife and Fisheires Commission, 
Wildlife Education Bulletin Number 107, 39 pp.

Johns, M. A. 1990. Trends in Texas commercial fishery landings, 1972-1989. 
Texas Parks and Wildlife Department, Management Data Series Number 37, 136
pp.

Jordan, D. S. and B. W. Evermann. 1898. The fishes of North and Middle
America. Bulletin of the U. S. National Museum, Number 47 (Part 3) :2184- 
2744.

Jordan, D. S. and C. H. Gilbert. 1883. Notes on a collection of fishes from
Charleston, South Carolina, with descriptions of three new species. 
Proceedings of the U. S. National Museum 5(1882):580-620.

Juneau, C. L. and B. B . Barrett. 1975. An inventory and study of the Vermilion
Bay-Atchafalaya Bay complex. Louisiana Department of Wildlife and 
Fisheries, Technical Bulletin Number 13, 153 pp.

Kelley, J . R., Jr. 1965. A taxonomic survey of the fishes of Delta National 
Wildlife Refuge with emphasis upon distribution and abundance. Master's 
Thesis. Louisiana State University, Baton Rouge, Louisiana.

Kelso, W. E . , B . D. Rogers, T. A. Bahel, D. A. Rutherford, and D. R. Rogers.
1994. 1993 Survey of Louisiana saltwater anglers. Louisiana Agricultural
Experiment Station Mimeo Report No.

Kelso, W. E . , B. D. Rogers, D. A. Rutherford, and D. R. Rogers. 1991. 1990
Survey of Louisiana Sport Fishermen. Louisiana State University 
Agricultural Center and Louisiana Department of Wildlife and Fisheries, 
Baton Rouge.

Kelso, W. E., B. D. Rogers, D. A. Rutherford, and D. R. Rogers. 1992. Survey 
of Louisiana Recreational Anglers 1991. Louisiana State University 
Agricultural Center and Louisiana Department of Wildlife and Fisheries, 
Baton Rouge.

King, B. D., III. 1971. Study of migratory patterns of fish and shellfish 
through a natural pass. Texas Parks and Wildlife Department, Technical 
Series Number 9, 54 pp.

Laska, A. L. 1973. Fishes of the Chandeleur Islands, Louisiana. Doctoral 
dissertation. Tulane University, New Orleans, Louisiana.

6 0



SOUTHERN FLOUNDER January 30, 1997

Lasswell, J . L . , G. Garza, and W. H . Bailey. 1977. Status of marine fish 
introduction into the fresh waters of Texas. Proceedings of the 
Southeastern Association of Fish and Wildlife Agencies 31:399-403.

Lasswell, J. L. , B. W. Lyons, and W. H. Bailey. 1978. Hormone-induced spawning 
of southern flounder. Progressive Fish-Culturist 40, 154 pp.

Levine, S. J. 1980. Gut contents of forty-four Lake Pontchartrain, Louisiana, 
fish species. Pages 899-1029 in J. H. Stone, editor. The Environmental 
Analysis of Lake Pontchartrain, Louisiana, its Surrounding Wetlands and 
Selected Land Uses, Volume 2. Louisiana State University, Sea Grant 
Publication Number LSU-CEC-80-08.

Louisiana Outdoor Writers Association. 1991. Official LOWA fish record rules, 
standard rod and reel division, fresh and salt water. Edwin A. Vice, 
Chairman, Lafayette, Louisiana.

Luquet, C . , Jr., J. Roussel, J. Shepard, and H. Blanchet. 1996. (Draft). Black
drum management plan. Louisiana Department of Wildlife and Fisheries, 
Marine Fisheries Division, Baton Rouge, Louisiana, 78 pp.

Maddux, H. R., H. R. Osburn, D. L. Trimm, and K. W. Spiller. 1989. Trends in 
finfish landings by sport-boat fishermen in Texas marine waters May 1974- 
May 1988. Texas Parks and Wildlife Department, Management Data Series 
Number 8, 496 pp.

Manooch, C. S., III. 1984. Fisherman's guide: fishes of the southeastern
United States. North Carolina State Museum of Natural History, Raleigh. 
362 pp.

Matlock, G. C. 1982. Bycatch of southern flounder and gulf flounder by 
commercial shrimp trawlers in Texas bays. Texas Parks and Wildlife 
Department, Management Data Series 31, 16 pp.

Matlock, G. C. 1985. Lengths of 24 saltwater fishes caught in trammel nets in 
Texas bays. Texas Parks and Wildlife Department, Management Data Series 
Number 83, 29 pp.

McConnell, K. E. and I. E. Strand. 1994. The economic value of mid and south 
Atlantic sportfishing. University of Maryland, College Park.

Mcllwain, T. D. 1978. An analysis of salt water angling in Biloxi Bay, 1972- 
1974. Doctoral dissertation. University of Southern Mississippi, 
Hattiesburg, Mississippi.

Miller, J. M., J. P. Reed and L. J. Pietrafesa. 1984. Patterns, mechanisms and 
approaches to the study of migrations of estuarine-dependent fish larvae 
and juveniles. Pages 209-225 In J. D. McCleave, G. P. Arnold, J. J. 
Dodson and W. H. Neill. Mechanisms of Migrations in Fishes. Plenum, New 
York.

Minello, T. J., R. J. Zimmerman, and E. X. Martinez. 1987. Fish predation on 
juvenile brown shrimp Penaeus aztecus Ives: effect of turbidity and
substratum on predation rates. Fishery Bulletin 85(1):59-70.

Minello, T. J., R. J. Zimmerman, and E. X. Martinez. 1989. Mortalities of 
young brown shrimp fPenaeus aztecus) in estuarine nurseries. Transactions

61



SOUTHERN FLOUNDER January 30, 1997

of the American Fisheries Society 118 (6):693-708.
Monaghan, Jr., J. P. 1992. Tagging studies of southern flounder (Paralichthvs 

lethostiomal and gulf flounder fParalichthvs albicmtta) in North Carolina. 
North Carolina Department of Environment, Health, and Natural Resources, 
Division of Marine Fisheries. Completion Report for Project F-29, Study 
3b, 21 pp.

Moore, D. 1969. A reversed southern flounder, Paralichthvs lethostioma Jordan 
and Gilbert, from the Gulf of Mexico. Texas Journal of Science 21(1):97- 
99.

Music, J. L . , Jr. and J. M. Pafford. 1984. Population dynamics and life 
history aspects of major marine sportfishes in Georgia's coastal waters. 
Georgia Department of Natural Resources, Contribution Series Number 38, 
382 pp.

Nall, L . E. 1979. Age and growth of the southern flounder fParalichthvs 
lethostioma) in the northern Gulf of Mexico with notes on Paralichthvs 
albioutta. Master's Thesis. Florida State University, Tallahassee, 
Florida.

Norden, C . R . 1966. The seasonal distribution-of fishes in Vermilion Bay,
Louisiana. Wisconsin Academy of Science Arts and Letters 55:119-137.

Norman, J. R. 1934. A systematic monograph of the flatfishes (Heterosomata), 
Volume I. Psettodidae, Bothidae, Leuronectidae. British Museum, London.

Ogren, L. H. and H. A. Brusher. 1977. The distribution and abundance of fishes
caught with a trawl in the St. Andrew Bay system, Florida. Northeast Gulf 
Science 1:83-105.

Olla, B . L . , C. E . Samut, and A. L. Studholme. 1972. Activity and feeding
behavior of the summer flounder (Paralichthvs dentatus) under controlled 
laboratory conditions. Fishery Bulletin 70(4):1127-1136.

Overstreet, R. M. 1978. Marine maladies? Worms, germs, and other symbionts 
from the northern Gulf of Mexico. Mississippi-Alabama Sea Grant
Consortium, MASGP-78-021, 140 pp.

Overstreet, R. M. and R. H. Edwards. 1976. Mesenchymal tumors of some 
estuarine fishes of the northern Gulf of Mexico. II. Subcutaneous 
fibromas in the southern flounder, Paralichthvs lethostioma. and sea 
catfish, Arius felis. Bulletin of Marine Science 26 (1):41-48.

Overstreet, R. M. and R. W. Heard. 1982. Food contents of six commercial 
fishes from Mississippi Sound. Gulf Research Reports 7(2):137-149.

Overstreet, R. M. and H. D. Howse. 1977. Some parasites and diseases of
estuarine fishes in polluted habitats ‘of Mississippi. Annals of the New 
York Academy of Sciences, 298:427-462.

Palko, B. J. 1984. An evaluation of hard parts for age determination of 
pompano (Trachinotus carolinus), ladyfish (Elops saurus), crevalle jack 
(Caranx hippos), gulf flounder (Paralichthvs albioutta), and southern 
flounder (Paralichthvs lethosnioma). NOAA Technical Memorandum NMFS-SEFC-

62



SOUTHERN FLOUNDER January 30, 1997

132, 11 pp.
Perret, W. S., B . B . Barrett, W. R. Latapie, J . F. Pollard, W. R. Mock, G. B. 

Adkins, W. J. Gaidry, and C. J. White. 1971. Cooperative Gulf of Mexico 
estuarine inventory and study, Louisiana. Phase IV, Biology. Louisiana 
Wildlife and Fisheries Commission, pp. 35-68.

Peters, D. S. 1971. Growth and energy utilization of juvenile flounder, 
Paralichthvs dentatus and Paraliehthvs 1 ̂ thostioma as affected by 
temperature, salinity and food availability. Doctoral dissertation. 
North Carolina State University, Raleigh, North Carolina.

Peters, D. S. and J. W. Angelovic. 1971. Effect of temperature, salinity, and 
food availability on growth and energy utilization of juvenile summer 
flounder, Paralichthvs dentatns. Pages 545-554 in D. J . Nelson, editor. 
Proceedings of the Third National Symposium on Radioecology.

Peters, D. S. and M. A. Kjelson. 1975. Consumption and utilization of food by 
various postlarval and juvenile fishes of North Carolina estuaries. Pages 
448-472 in L. E. Cronin, editor. Estuarine research. Volume 1. 
Chemistry, biology, and estuarine system. Academic Press, Inc., New York.

Pew, P. 1966. Food and game fishes of the Texas coast. Texas Parks and 
Wildlife Department, Bulletin Number 33, Series Number 4, 70 pp.

Phalen, P. S., D. W. Moye, and S. A. Spence. 1989. Comparison of two trawls 
used for monitoring juvenile fish abundance in North Carolina. North 
Carolina Department of Natural Resources and Community Development, 
Division of Marine Fisheries, 14 pp.

Powell, A. B. 1974. Biology of the summer flounder, Paralichthvs dentatus. in 
Pamlico Sound and adjacent waters, with comments on £. lethostioma and £. 
albioutta. Master's Thesis. University of North Carolina, Chapel Hill, 
North Carolina.

Powell, A. B. and T. Henley. 1995. Egg and larval development of laboratory- 
reared gulf flounder Paralichthvs albioutta. and southern flounder, £. 
lethostioma (Pisces, Paralichthyidae). Fishery Bulletin 93:504-515.

Powell, A. B. and F. J. Schwartz. 1972. Anomalies of the genus Paralichthys
(Pisces, Bothidae) , including an unusual double-tailed southern flounder, 
Paralichthvs lethostioma. The Journal of the Elisha Mitchell Scientific 
Society 88(3):155-161.

Powell, A. B. and F. J. Schwartz. 1977. Distribution of paralichthid flounders
(Bothidae: Paralichthys) in North Carolina estuaries. Chesapeake Science
18(4) : 334-339.

Powell, A. B. and F. J. Schwartz. 1979. Food of Paralichthvs dentatus and £. 
lethostioma (Pices:Bothidae) in North Carolina estuaries. Estuaries 
2:276-279. ""

Prentice, J. A. 1989. Low-temperature tolerance of southern flounder in Texas. 
Transactions of the American Fisheries Society 118 (1) :30-35.

Randall, J. E. and R. Vergara. 1978. Bothidae. I n  W. Fischer, editor. FAQ 
species identification sheets for fishery purposes. West Central Atlantic

63



SOUTHERN FLOUNDER January 30, 1997

(fishing area 31) . Food and Agricultural Organization of the U. N. 
Volume I.

Reagan, R. E., Jr. and W. M. Wingo. 1985. Species profiles: life histories
and environmental requirements of coastal fishes and invertebrates (Gulf 
of Mexico) —  southern flounder. U. S. Fish and Wildlife Service, 
Biological Report 82(11:30). U. S. Army Corps of Engineers TREL-82-4, 9
pp.

Rice, J, A., L. B. Crowder, and K. A. Rose. 1993. Interactions between size- 
structured predator and prey populations: Experimental test and model
comparison. Transactions of the American Fisheries Society 122:481-491.

Robins, C. R., R. M. Bailey, C. E. Bond, J. R. Brooker, E. A. Lachner, R. N.
Lea, and W. B. Scott. 1991. Common and scientific names of fishes from 
the United States and Canada. American Fisheries Society, Special 
Publication Number 20, 183 pp.

Rogers, B. D. and W. H. Herke. 1985. Temporal patterns and size
characteristics of migrating juvenile fishes and crustaceans in a 
Louisiana marsh. Louisiana State University Agricultural Experiment 
Station, Research Report Number 5, 81 pp.

Rogers, S. G., T. E. Targett, and S. B. Van Sant. 1984. Fish-nursery use in 
Georgia salt-marsh estuaries: the influence of springtime freshwater
conditions. Transactions of the American Fisheries Society 113(5):595- 
606.

Roithmayr, C . M. 1965. Industrial bottomfish fishery of the northern Gulf of 
Mexico, 1959-63. U. S. Fish and Wildlife Service, Special Scientific 
Report, Fisheries Number 518, 23 pp.

Ross 1982 Cite in Section 2.7

Ross, J. L. 1991. Assessment of the North Carolina winter trawl fishery 
September 1985-April 1988. North Carolina Department of Environment, 
Health, and Natural Resources, Division of Marine Fisheries, Special 
Scientific Report Number 54, 80 pp.

Ross, S. W. and R. K. Carpenter. 1983. Estuarine stock assessment - juvenile 
finfish stock assessment and nursery area monitoring. Pages 1-30 in A 
Plan for Management of North Carolina's Estuarine Fishes - Phase I. 
Semiannual Report for North Carolina's Office of Coastal Zone Management 
Fisheries Assistance Program Grant, December 197 9-September 1980. North 
Carolina Department of Natural Resources and Community Development, 
Division of Marine Fisheries.

Ross, S. W. and S. P. Epperly. 1985. Utilization of shallow estuarine nursery 
areas by fishes in Pamlico Sound and adjacent tributaries. North Carolina. 
In A. Yanez-Arancibia, editor. Fish Community Ecology in Estuaries and 
Coastal Lagoons: Towards an Ecosystem Integration. DR(R)UNAM Press,
Mexico, ISBN968-837-618-3, 1985.

Rozas, L. P. and C. T. Hackney. 1984. Use of oligohaline marshes by fishes and 
macrofaunal crustaceans in North Carolina. Estuaries 7(3):213-224.

Russel, S. J., J. H. Render, R. M. Parker, S. Ellsworth, L. F. Picou, D.

64



SOUTHERN FLOUNDER January 30, 1997

Domengeaux, and G. W. Banf. 1986. State/federal cooperative fishery
statistics program in Louisiana; quarterly report. Louisiana State 
University, Sea Grant Publication Number LSU-CFI-86-27, 26 pp.

Sabins, D. D. 1973. Diel studies of larval and juvenile fishes of the Caminada 
Pass area, Louisiana. Master's Thesis. Louisiana State University, Baton 
Rouge, Louisiana.

Saidel, W. 1978. Analysis of flatfish camouflage. American Zoologist 
18(3);579.

Sanders, N., Jr., D. M. Donaldson, and P. A. Thompson, editors. 1990. SEAMAP 
environmental and biological atlas of the Gulf of Mexico, 1987. Number 
22, NOAA, NMFS, State/Federal Project Number SM 14-5-5.

Shepard, J . 1986. Spawning peak of southern flounder, Paralichthvs
lethostioma. in Louisiana. Louisiana Department of Wildlife and 
Fisheries, Technical Bulletin Number 40, pp. 77-79.

Shipp, R. L . 1986. Dr. Bob Shipp's guide to fishes of the Gulf of Mexico.
Twentieth Century Printing Company, Mobile, Alabama.

Simmons, E. G. 1951. Fish trap investigation. Texas Game and Fish Commission, 
Marine Laboratory Annual Report, p. 1-23.

Simmons, E. G. 1957. Ecological survey of the upper Laguna Madre of Texas.
Publication of the Institute of Marine Science, University of Texas 
4 (2) ;156-200.

Simmons, E. G. and H . D. Hoese. 1959. Studies on the hydrography and fish 
migrations of Cedar Bayou, a natural tidal inlet on the central Texas 
coast. Publication of the Institute of Marine Science, University of 
Texas 6:56-80.

Sindermann, C. J. 1979. Pollution-associated diseases and abnormalities of 
fish and shellfish: a review. Fishery Bulletin 76(4):717-749.

Smith, H. M. 1907. The fishes of North Carolina. North Carolina Geological 
and Economic Survey. Volume II, 453 pp.

Smith, J. W. 1981. A guide to flounder fishing in South Carolina. South 
Carolina Sea Grant Consortium, Marine Advisory Publication 81-02, 16 pp.

Smith, W. G. 1973. The distribution of summer flounder, Paralichthvs dentatus.
eggs and larvae on the continental shelf between Cape Cod and Cape 
Lookout, 1965-1966. Fishery Bulletin 71:527-548 .

Smith, W. G., J. D. Sibuaka, and A. Wells. 1975. Seasonal distributions of 
larval flatfishes (Pieuronectiformes) on the continental shelf between 
Cape Cod, Massachusetts and Cape Lookout, North Carolina, 1965-66. 
National Marine Fisheries Service, NOAA Technical Report NMFS SSRF-691, 68
pp.

Stickney, R. R. and D. B . White. 1974a. Effects of salinity on the growth of 
Paralichthvs lethostioma postlarvae reared under aquaculture conditions• 
Proceedings of the 27th Annual Conference of the Southeastern Association 
of Game and Fish Commissioners 27:532-540.

65



SOUTHERN FLOUNDER January 30, 1997

Stickney, R. R. and D. B. White. 1974b. Lymphocystis in tank cultured
flounder. Aquaculture 4(3):307-308.

Stokes, G. M . 1973. Life history studies of Paralichthvs lethostierma and £.
albiautta in the vicinity of Aransas Pass, Texas. Annual Report. 
Fisheries Division. Texas Parks and Wildlife Department, Austin, Texas.

Stokes, G. M. 1977. Life history studies of southern flounder (Paralichthvs 
lethosticrma) and gulf flounder (Para]Ichthvs albiautta) in the Aransas Bay 
area of Texas. Texas Parks and Wildlife Department, Technical Series 25, 
37 pp.

Suttkus, R. D., R. M. Darnell, and J. M. Darnell. 1954. Biological study of 
Lake Pontchartrain. Annual Report, 1953-54, Tulane University, Department 
of Zoology, 59 pp.

Swingle, H. A. 1971. Biology of Alabama estuarine areas - coopertive Gulf of 
Mexico estuarine inventory. Alabama Marine Resources Bulletin Number 5, 
123 pp.

Swingle, H. A. and D. G. Bland. 1974. A study of the fishes of the coastal
watercourses of Alabama. Alabama Marine Resources Bulletin 10:17-102.

Swingle, W. E. 1976. Analysis of commercial fisheries catch data for Alabama. 
Alabama Marine Resources Bulletin 11:26-50.

Tagatz, M. E. and D. L. Dudley. 1961. Seasonal occurrence of marine fishes in 
four shore habitats near Beaufort, North Carolina 1957-1960. U. S. Fish 
and Wildlife Service, Special Scientific Report, Fisheries Number 390, 19 
pp.

Tarver, J. W. and L. B . Savoie. 1976. An inventory and study of the Lake
Pontchartrain-Lake Maurepas estuarine complex. Phase II, Biology. 
Louisiana Wildlife and Fisheries Commission, Technical Bulletin 19:7-99.

Thunberg, E ., C . Adams, D. Brannan, and T. Taylor. 1991. Commercial fishing
revenue losses under harvest restrictions: The case of the Florida red
drum. University of Florida Food and Resource Economics Department, 
Gainesville.

Titre, J. P. , Jr., J. E. Henderson, J. R. Stoll, J. C. Bergstrom, and V. L. 
Wright. 1988. Valuing wetland recreational activities on the Louisiana
coast: Final report to U. S. Army Corps of Engineers, New Orleans
District.

Topp, R. W. and F. H. Hoff. 1972. Flatfishes (Pleuronectiformes). Florida 
Department of Natural Resources Marine Research Laboratory. Memoirs of 
the Hourglass Cruises. Volume IV, Part II, 135 pp.

Turner, W. A. and G. N. Johnson. 1974. Standing crops of aquatic organisms in 
tidal streams of the lower Cooper River system, South Carolina. Pages 13- 
20 in Frank P. Nelson, editor. The Cooper River Environmental Study. 
South Carolina Water Resource Commission, Number 117, April 1974.

U. S. Department of Commerce. 1994. Marine recreational fishery statistics 
survey, unpublished data. Washington, D.C.

66



SOUTHERN FLOUNDER January 30, 1997

U. S. Department of the Interior, Fish and Wildlife Service. 1988. 1985
National survey of fishing, hunting, and wildlife associated recreation. 
U. S. Government Printing Office, Washington D. C.

U. S. Department of the Interior, Fish and Wildlife Service and U. S. Department 
of Commerce Bureau of the Census. 1993. 1991 National survey of fishing,
hunting, and wildlife associated recreation. U. S. Government Printing 
Office, Washington D. C.

Wagner, P. R. 1973. Seasonal biomass, abundance and distribution of estuarine 
dependent fishes in the Caminada Bay system of Louisiana. Doctoral 
dissertation. Louisiana State University, Baton Rouge, Louisiana.

Ward, G. H., Jr., N. E. Armstrong, and the Matagorda Bay Project Team. 1980. 
Matagorda Bay Texas: its hydrography, ecology, and fishery resources. U.
S. Fish and Wildlife Services, Biological Services Program, Washington, D. 
C. FWS/OBS-81/52, 230 pp.

Warlen, S. M. 1975. Nightstalking flounder in the ocean surf. Marine
Fisheries Review 37 (9) :27-30 .

Warlen, S. M. and J. S. Burke. 1990. Immigration of fall/winter spawning
marine fishes into a North Carolina estuary. Estuaries 13:453-461.

Weinstein, M. P. 1979. Shallow marsh habitats as primary nurseries for fishes 
and shellfish. Cape Fear River, North Carolina. Fishery Bulletin 
77(2) : 339-357 .

Weinstein, M. P., S. L. Weiss, R. G. Hodson, and L. R. Gerry. 1980. Retention
of three taxa of postlarval fishes in an intensively flushed tidal 
estuary. Cape Fear River, North Carolina. Fishery Bulletin 78:419-436.

Wenner, C. A., W. A. Roumillat, J. E. Morgan, Jr., M. B. Maddox, L. B. Daniel, 
III, and J. W. Smith. 1990. Investigations on the life history and 
population dynamics of marine recreational fishes in South Carolina: Part
1. South Carolina Wildlife and Marine Resources Department, Marine 
Resources Research Institute. Report for Federal Aid in Fish Restoration 
Act Project F-37, 194 pp.

White, D. B. and R. R. Stickney. 1973. A manual of flatfish rearing. Skidaway
Institute of Oceanography, Technical Report Series Number 73-7, Savannah, 
Georgia. 36 pp.

Williams, A. B. and E. E. Deubler, Jr. 1968. A,ten year study of macroplankton 
in North Carolina estuaries: assessment of environmental factors and
sampling success among bothid flounders and penaeid shrimps. Chesapeake 
Science 9(1):27-41.

Williams, E . H ., Jr. 1979. Leeches of some fishes of the Mobile Bay region, 
Alabama, U.S.A. Northeast Gulf Science 3(1):47-49.

Woolcott, W. S. , C. Beirne, and W. M. Hall, Jr. 1968. Descriptive and 
comparative osteology of the young of three species of flounders, genus 
Paralichthvs. Chesapeake Science 9(2):109-120.

Wolff, M. 1977. Preliminary stock assessment, North Carolina: flounder
(Paralichthys sp.). North Carolina Department of Natural Resources,

67



SOUTHERN FLOUNDER January 30, 1997

Completion Report for Project 2-294-R, 19 pp.
Wright, R. A., L. B. Crowder and T. H. Martin. 1993. The effects of predation 

on the survival and size-distribution of estuarine fishes: an
experimental approach. Environmental Biology of Fishes 36:291-300.

Yerger, R. W. 1977. Fishes of the Apalachicola River. Pages 22-23 in R. J.
Livingston and E. A. Joyce, Jr., editors. Proceedings of the Conference 
on the Apalachicola Drainage System, 23-24 April 1976 Gainesville, 
Florida. Florida Department of Natural Resources, Florida Marine Research 
Publications Number 26.

Zimmerman, R. J., T. J. Minello, and G. Zamora, Jr. 1984. Selection of 
vegetated habitat by brown shrimp, Penaeus aztecus. in a Galveston Bay 
salt marsh. Fishery Bulletin 82 (2) : 325-336.

68



1 U-

o £

< ui

Fi
gu

re
 1

. 
Di

st
ri

bu
ti

on
 o

f 
so

ut
he

rn
 f

lo
un

de
r 

in
 t

he
 G

ul
f 

of
 M

ex
ic

o 
co

as
ta

l



Distribution- Ginsburg (1952a:325) reported the range of 
Paralichthvs albioutta from Cape Lookout, North Carolina to Corpus 
Christ! Pass, Texas. Subsequent records by Hildebrand (1954:292) 
from off Padre Island, Texas, and Simmons (1957:187), who found it 
"fairly common" in the upper Laguna Madre, extend its range in the 
western Gulf.

AUTHORITIES CITED

Norden 1966
Poole 1962:112

Simmons & Hoese 1959:74
D > L > A
(18 ,20)

Springer & Woodburn, 1960:86 
Struhsaker, 1969:275 
Tabb & Manning, 1961:639
Vick 1964:51 D > L > A

( I )

0>L>A
( I )

0 > L > A  

X  D> L> A

Figure 2 - Relative abundance of three commercially important 
species of Paralichthvs along the eastern and Gulf coasts 
of the United States. Numbers in parentheses refer to 
authorities cited. D = Paralichthvs dentatus, L - 
lethosticnna- A = P. albicrutta.
Source: Topp and Hoff (1972)
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?igure 6. Schematic of life cycle of Paralichthvs lethostioma (southern 
flounder).
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•'igure 8 Conceptual model for Paralichthvs spp. larval retention mechanism 
based on response to photoperiod and tide.
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Source: Taken in part from Weinstein et al. (1980)
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Figure 9. Theoretical growth curve compared to back-calculated lengths anc 
means, ranges and ± 1 standard deviation of the lengths oi 
Paralichthvs lethosticrma at capture. Vertical line represents the 
size range, horizontal line the mean, and the hollow bar ± 1 standard 
deviation.
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'igure 10. Length-weight relationship of southern flounder, Paralichthvs 
lethosticma. collected in Glynn County, Georgia from January 1979 
through June 1982.
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Figure 11. Length-weight scattergram with fitted curve for Paralichthvs 
lethosticrma.
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igure 12. Length-age relationship of southern flounder, Paraiichthvs 

lethosticnna. collected in Glynn County, Georgia.
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Table 1. Standard length and meristic data for postlarvae of Paralichthvs dentatus. lethostioma. and albiautta 
collected in North Carolina from December 195S to April 1956 and December 1956 to April 1951.

Species
Standard Length Taken to the Nearest Millimeter

7 8 9 10 11 12 13 14 15 16 N M

dentatus
lethostigma
albigutta 5 35

2 6
39 105
30 1

15
59

25
8

18 18 
1

89 12.4
1 217 10.2

71 8.4

Dorsal Rays

72 73 74 75 76 77 78 79 80 81 82 83 84 85 8 6  87 8 8  89 90 91 92 93 94 N M

dentatus -- - - - - - - - - - - - - - - - -  i 2 -- 2 5 8 8 9 8 15 14 9 2 4 87 89.0
lethostigma -- -- - - - - - - - -  2 1 3 6 11 15 25 27 38 24 25 19 28 12 14 3 2 255 86.7
albigutta 2 1 3 4 9 6 10 3 6 3 2 - - - - - - ----  ---- -- 4 9  7 7 . 3

Anal Rays

53 54 55 56 57 58 59 60 61 62 63 64 65 6 6  67 6 8  69 70 71 72 73 74 N M

dentatus -- -- - - - - - - - - - - - -  1 -- 2 6 2 8 9 1 4 1 5 1 0  8 4 3 2 84 68.4
lethostigma -- -- -- -- -- -- -- -- -- -- 4 18 19 39 61 39 3 6 2 8 2 6  8 1 2 281 67.8
albigutta 1 3 3 6 10 7 16 5 10 3 1 ---- ----------------------- -- 65 58.4

Thoracic Vertebrae Caudal Vertebrae

9 10 11 12 N M 26 27 28 29 30 31 N M

dentatus - 1 46 1 48 11.0 -- -- -- 1 32 15 48 30.3
lethostigma 1 37 1 -- 39 10.C 1 34 3 1 39 27.1
albigutta 1 21 -- -- 25 10.0 1 17 7 -- -- 25 27.2

Total Vertebrae Gill Rakers on Outer Arch

36 37 38 39 40 41 42 N M 0 1 2  3 4 5 6 7 8 9 10 11 12 13 N M

dentatus ---- ------ 1 32 15 48 41.3 6 - 1 - 2 - 2 2 3 2 1 1 1 1 22 5.6
lethostigma -- 35 4 -- -- -- -- 39 37.1 - - - - 2 4  11 7 4 - - - - -  28 6.2 
albigutta 1 18 6 — -------- 25 37.2 8 2 - 3 1 1 1 - - - - - -  - 16 1.6

S o u r c e :  D e u b l e r  ( 1 9 5 8 )



Table 2. Characteristics for separating southern flounder, gulf flounder, and summer 
flounder.

Southern Flounder Gulf Flounder Summer Flounder

Lower gill rakers 8-12 8-12 11-19
Dorsal fin rays 81-94 75-82 85-92
Anal fin rays 64-71 57-63 64-72

Vertebrae 36-38 36-38 41-42
Lateral-line scales

Right side 63-77 58-66 68-87

Left side 56-65 44-57 61-73

Source: Woolcot et al. (1968)
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Table 4. Number of eggs released by captive southern flounder, Perry R. Bass 
Marine Fisheries Research Station, Palacios, Texas. Tank conditions 
were 18»C and 9-h light :15-h dark photoperiod except for the period 
from 7 Jan - 25 March 1985 when photoperiod was reduced to 4-h light 
daily.

1984-85 Spawning Season 1985-86 Spawning Season

Date No. Eggs Date No. Eggs

18 Dec 1984 ND 08 Dec 1985 5,000
19 Dec 1984 ND 13 Dec 1985 . 3,200
26 Dec 1984 ND 17 Dec 1985 2,900
31 Dec 1984 ND 18 Dec 1985 2,400
02 Jan 1985 ND 24 Dec 1985 1,400
03 Jan 1985 ND 30 dec 1985 66
08 Jan 1985 1,900 31 Dec 1985 6,900
09 Jan 1985 6,200 01 Jan 1986 4,000
10 Jan 1985 3,100 02 Jan 1986 1,000
17 Jan 1985 3,100 06 Jan 1986 18,800
18 Jan 1985 18,100 07 Jan 1986 28,900

10 Jan 1986 1,500
11 Jan 1986 4,800
13 Jan 1986 9,500
17 Jan 1986 6,100
24 Jan 1986 6,100
26 Jan 1986 1,600
29 Jan 1986 4,700
30 Jan 1986 2,800
31 Jan 1986 20,500
01 Feb 1986 1,900
07 Feb 1986 3,200
09 Feb 1986 3,500
13 Feb 1986 28,400

ND = Not Determined
Source: Henderson-Arzapalo et al. (1988)



Table 5. Photoperiod and temperature regimes used to induce spawning of southern flounder 
in a 29.92 kl spawning tank, August 1976 through January 1977.

Month
Photonerinfl 
Light

(hrst
Dark

Mean
Temp
(°C)

Temp
Range
(°C)

Lab
Season

August 15 9 26.5 26.0-27.0 spring
September 12 12 26.5 25.5-27.5 summer
October 12 12 •22.8 20.7-25.0 late summer
November 9 15 17.7 16.0-19.5 fall
December* 9 15 17.0 16.5-17.5 fall
January15 9 15 17.0 16.5-17.5 fall

aFirst spawn 12/21/76 
bLast spawn 1/3/77
Source: Arnold et al. (1977)



Table 6. Sex ratio for southern flounder in 50 mm length groups collected in 
the coastal waters of Glynn County, Georgia from January 1979 
through June 1982.

Sex Ratio/Number in Samples 
Length Group (mm) (female:male)

1-50 (-)
51-100 -- (-)

101-150 1:0 (1)
151-200 1:0 (2)
201-250 3:1 (11)
251-300 3.3:1 (26)
301-350 26:1 (27)
351-400 16:1 (17)
401-450 1:0 (7)
451-500 1:0 (10)
501-550 1:0 (6)
551-600 1:0 (3)
601-650 1:0 (3)
651-700 1:0 (2)
701-750 -- (”)
751-800 -- (-)
COMBINED 9.5:1 (116)

Source: Music and Pafford (1984)
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Table 9. Mean observed total length (OBS TL) with sample size (n), standard 
deviation (sd), and predicted von Bertalanffy total length (VB TL) 
for each sex of southern flounder by yearly quarters; units are mm.

Age
Males Fema1es

n sd OBS TL VB TL n sd OBS TL VB TL
0.375 10 13 139 155 14 20 138 151
0.625 71 30 180 176 166 31 194 186
0.875 50 36 209 197 89 40 218 218
1.125 21 45 201 216 21 43 222 249
1.375 74 39 219 234 74 48 265 278
1.625 115 23 251 251 89 43 296 305
1.875 117 23 271 267 74 51 320 331
2.125 15 21 378 282 7 42 346 356
2.375 18 30 399 296 65 52 404 379
2.625 47 37 322 309 56 50 427 400
2.875 28 31 316 321 56 56 409 421
3.125 0 333 4 17 452 440
3.375 4 46 310 344 21 52 488 458
3.625 3 50 328 354 18 48 448 475
3.875 10 71 464 491
4.125 2 62 564 507
4.375 0 521
4.625 5 73 520 535
4.875 2 229 493 547
5.125 0 559
5.375 1 572 571
5.625 4 37 546 582
5.875 1 571 592
7.125 1 703 634

Source: Wenner et al. (1990)



Table 10. Mean observed weight (OBS WT) in g, and total length (OBS TL) in 
mm, and predicted von Bertalanffy total length (VB TL) in mm for 
each sex of southern flounder by age in years.

Age

Males Females

n OBS WT n OBS TL VB TL n OBS WT n OBS TL VB
TL

1 320 180 327 248 206 251 298 258 288 234
2 99 350 108 310 274 173 869 184 410 - 344
3 7 335 7 316 327 49 1258 53 467 431
4 9 1908 9 524 499
5 6 2014 6 554 554
6 0 0 597
7 1 5000 1 703 630

Table 10. Estimates of von Bertalanffy parameters which describe the growth 
of each sex of southern flounder; CL = 95% confidence limits.

Sex Parameter Estimate
Asymptotic 
std err

Asvmototic CL
lower upper

Male L°° 518 80.772 360 677
K 0.2458 0.0739 0.1007 0.3910
to —1.0664 0.2097 -1.4782 -0.6546

Female L» 759 51.385 658 860
K 0.2346 0.0288 0.1781 0.2912
tn -0.5702 0.0715 -0.7105 -0.4299

Source: Wenner et al. (1990)



Table 11. Total length (TL)-weight (W) and total length-standard length (SL) relationships for 
male and female southern flounder, Paralichthvs lethostioma. and for males, females, 
unsexed, and undifferentiated specimens combined. TL and SL are in mm; W is in g; 
I = unsexed and undifferentiated specimens. LS = least squares; F = geometric mean 
functional regression. Logs are base 10.

Variables Type Sex n Equations r2 Range
TL-W LS M 675 Log W = 3.17(Log TL) - 5.38 0.984 110-476

14-1206
mm
g

TL-W F M 675 Log w = 3.20(Log TL) - 5.45

TL-W LS F 926 Log w = 3.15(Log TL) - 5.33 0.995 106-703
10-5000

mm
g

TL-W F F 926 Log w = 3.16(Log TL) - 5.34

TL-W LS M, F, I 1753 Log w = 3.13(Log TL) - 5.28 0.994 58-710
2-5284

mm
g

TL-W F M, F, I 1753 Log w = 3.14(Log TL) - 5.31

TL-SL LS M 655 TL = 1.19(SL) + 6.95 0.991 110-476
TL

mm

TL-SL F M 655 TL = 1.20(SL) + 4.82

TL-SL LS F 885 TL = 1.18(SL) + 9.09 0.997 106-703
TL

mm

TL-SL F F 885 TL = 1.18(SL) + 8.45

TL-SL LS M, F, I 1737 TL = 1.19(SL) + 6.12 0.997 13-710
TL

mm

TL-SL F M, F, I 1737 TL = 1.19(SL) + 5.93

Source: Wenner et al. (1990)
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Table 19. Yearly commercial landings of flounders by distance from shore, Louisiana, 1973-1989.> •
Tnshore ho three nautical miles frnm

Year Pounds Value ($)
1973 114,013 28,747
1974 137,085 33,176
1975 83,916 25.844
1976 163,944 52,328
1977 197,337 69,389
1978 162,950 69,998
1979 105,611 47,968
1980 98,706 49,236
1981 78,251 52,288
1982 134,060 72,518
1983 163,245 93,283
1984 193,174 129,790
1985 395,295 232,322
1986 753,117 528,270
1987 830,359 664,257
1988 466,829 437,248
1989 441,571 448,259
Total = 4,519,463 Avg/Year = 265,851
Three nauHral mi 1 ee tn 12 nautical mil es from shore
Year Pounds Value ($)
1973 88,854 14,373
1974 156,968 27,516
1975 149,059 . 34,812
1976 162,322 43,922
1977 93,354 32,429
1978 139,065 51,346
1979 89,745 38,142
1980 55,073 30,306
1981 51,009 31,497
1982 46,218 23,627
1983 10,897 7,826
1984 52,568 27,609
1985 52,067 38,279
1986 21,437 13,821
1987 83,631 53,139
1988 14,387 11,937
1989 3,507 2,840
Total = 1,270,161 Avg/Year = 74,715
Twelve nautical mil Pfi and oreater from shor?
Year Pounds value ($)
1973 78,510 12,405
1974 21,291 3,899
1975 9,263 1,689
1976 1,005 227
1977 1,830 643
1978 3,921 1,486
1979 19 5
1980 7,180 5,321
1981 7,702 3,864
1982 19,464 7,865
1983 102,009 61,346
1984 107,521 61,107
1985 82,587 65.506
1986 50,480 34,233
1987 24,086 20,382
1988 29,069 19,985
1989 46,969 36,887
Total = 592,906 Avg/Year = 34,877

Source: NMFS Landings Data, Louisiana.



20
. 

Mo
nt

hl
y 

co
mm

er
ci

al
 
fl

ou
nd

er
 l

an
di

ng
s 

(p
ou
nd
s)
 
in
 L

ou
is

ia
na

, 
19

80
-1

98
7.

0 i.

41

<0Eh

o o o> CD VO

s
i—1 m o v CN

o '
Cl5 20 14 13 13

m
i-4 12 20 22 67

CD
i n

Cl VO
r-

£
O'

£
m CO o r- r- o © CO VO

£ r- 1—1 m fN o rH
rH

33 22 22 31 28 21 53 55 68 CD

<n CO y ® y y O'

vo
o
m
O'
O'

vo
Cl

r~ rH
(N

a> in i n O' o (N O' r- ® S"
rH in CO ■y CN m VO m ro

£
vo
CO

y©
e~ 1

0
9

,

07
6

in
m in o VO o y H vo

o in CD
CO
s

CN CO i~ CO vo y Cl Cl g CN VO m
ox

rH rH rH i—1 rH rH * CN in
o O'

3 vo m
o

y in

s
ox

\D VO r> i n fN vo y o O' CO
ox r~ CN r» Cl o ro y fN

OXr4

19 18 13

m

12 y r-

13 14 68 ° in
i n

rOCOO' VO
o

£ rH
OiO'rH

^ O
(N in
H  CO

CN O  iH CO cn 
(N (N H

m

o
fN

(N O
in

xo
o
o
\£)

\D(Nmin

(N00
o%
iH

H
CD
<J)
r-4

O
CDo>i-4

I

n .H
o> r-

rH

(N Vi—i

vo m 
in m
fN CN
h  in
rH

O' O VO Cl
vo m

O' fN 
fN H rH n
<N U)

O  CO
r- o  ■y vo
■y o

rH in
CN t~C1 O'
r~ ci

O' v  O' p- 
rH O

(N H

&
41C



21
. 

Lo
ui

si
an

a 
co

mm
er

ci
al

 f
lo
un
de
r 

la
nd
in
gs
 
(p
ou
nd
s)
 
by

 g
ea
r/
mo

nt
h 

fo
r 

19
84
-1
98
7.

»
u0) v  m  o  i i i i i

VO O  O  I I I I I
vo m  o  i i i i i
H  <N H
in

o  «-< in oi i i i i
h  vo co vy i i i i
o  m  o  h  i i i i
co in f-i h
CD

m  P - H  H  O  I CO I
p- r~ O' <n  co I i
in co o\ p- i w  i
U1 O' ^4
VO CN H

h  01 in O' i "O i i
'y (N (N r~ i i i
CO 05 O  I I I

m  i n  vo 
O ' P I

e
§

O  CO m  r-. i i l O
p- r» vo pi i i i co
in p* o> i i i vo

p- p) m  o  i m  ' i 
v  N  H  O' i m  i i

P- --4 p j  p )  i co  i • -
P I  33 .O H  I VO ! l!>
in o  o  i vo i vo

VC m  Ti V  VO I 1 03
VO PJ vo P4 CO I Ip-
m  O' pi cn m  i i p-

•-I O
CO PI Pi m <-i p -  TT P I H  

VO P I H  r-l
®  p* p-i h  in
ov m  pi <~iH

U41
J3Ouuo

m 03 mi i i i i pi
O' v  ov i i i i m
h  M" m  i i i i co
vo in h  mVT H

m  i o  o  i in i mi
vo i in m  i pi i m
o  i in co i -H i vo
^4 in m
co  H

v* in f-4 vo co m 1 <# i 
. m  pi pi co p» co mi i 
H  r-4 P- O' O' vo I
PI O  H  
VO PI 4

O ' M" p -  r -  cn  i i vo
O  VO M" Ml o  i i n
p- vo o  n  r-l i i vo
m  p- oi pi vo

u41
I414-1a41to

CO H  P I l I I I I
O ' vo  i n  i i i i i
oi pi m  i i i i i

O' i i i i i O' i i i i i fl I J I I I
i in v  co
I VO «H
i 1-4 mi in

P I CO I O ' CO I
Mi cn i in vo i
M" P I I I

r4 H  P- P* M 1 I I I
P- PI vo PI CO I I I
m  vo pi in o  i i i

o
in

ov co r- 1-4 M

uU)

1

03 O  VO I I I I I
i n  p i  vo i i i i i
PI VO H  I I I I I
i—I r4r-4

H  I CO O' I I I PI
O' I VO Mi I I I O
in i p- i i i vo
PI
PI

r- m * o  vo vo o' pi i 
PI VO O' Ml O' CO Ml 1 
O' O' 1-4 PI H  I
P- O'
M"

P- Ml PI P- PI I I I
M1 i n  r«  vo m > i i i
Ml O  1-4 p i  H  I I I

1-4 co  o  in
PI 1-4

>1
i-43f-3

PI O  PI I I I I I
pi Pi in i i i i i
vo o  vo I I I I I

in H  O' PI I M" p- i
o  p- vo in i oi i
O' O' PI I H  I
VOpi

VO 1-4 PI O' 00 H  VO I
co  p i  p -  i n  1-4 o i  co  i
PI O' PI 1-4 I

O' VO CO PI M  I I I
p. vo co in vo i i i
1-4 P- Ml 1-4 vo I I I

PI

i n  p -  o  i i i i i
co  m  o  i i i i i
00 P -  i-4 I I I I I

pi

h  i i n  o  i i i i
VO I VO H  I I 1 I
O ' I P I  1-4 I I I I

PI
r4

p -  vo  o  p i  vo i vo  i
0  CD O ' M" I P I  I
i n  p i  p i  i i

01  vor»

co o  o  p i  vo I | |
vo H  in  vo co i i i
p i  co  p -  a )  p i  i i i

>i
X

O  I O  I t o  I I
m  i p -  i p i  i i

i-4 M VO O' I I I I
c o  o  i n  p i  i i i i
O  1-4 M> I I I I

VO VO I M" P I 1 Ml I 
i n  1-4 i c o  p i  i i

O  M  VO I Mi P I  I I
p -  VO O  I P -  I I
P I  CO O ' I 1-4 I I

PI
i-4

P I  r-4 O  I I I I I
P I  M" CO I I I I I
vo i n  o  i i i i i

O  P I 
i-4

P I P» M* «C I I I I
co  p i  r -  co  i i i i

p if-i

o  o  i vo in  i p i  i
i-4 PI I O  I PI I
PI r4 1 V0  I I
VO Mi i-4

r4

m  p i  p i  v  p * i i i
p -  co o i  p i  i n  i i i
P I  M" O  P I r-4 I I 1

P - P - vow

u
CO 1-4 Oi CO I O  1 I
p i  p -  vo m  i o  i i
P I Ml P -  I P I I I

CO V0 O  i-4 I I I I
r4  P i r -  O ' i i i i
CD Ml 1-4 P I  I I I I

r4
r-4

P I H  I M1 I vo I I
VO O  I O  1 P4 I I
VO VO I p -  I I I

CO OI O ' r-« P - P I  1-4 I
p i m  vo i-« p i p i  i
O ' OI P I  P i P - I

41
f-4
«E-

&(03
J3
£

i?
I
3

uo41
o

vo P I O  I CO I I I 
P I  M" O  I I I I
m1 i n  o  i i i i

i n  p i  
i-4

O 5 I H I I I I
P I O  I VO O  O  I I
0 1  p -  i m  p i  i n  i i
P I  c o  I P I  I I

i-4 O  M1 00 V0 M" I Ir- r- p- i-4 vo i i
P I M  1-4 VO I I

vo in 
.-4

p i  o  o i  i m  i i i
vo c o  o  i h  i i i
P I  1-4 P I  I I I I

O '
i-4

0  O ' I Ml I I I I
01 vo  i i n  i i i i
O ' H  I I I I I

r4
1-4

p i  vo  o  i n  i 1-4 i i
p -  o  p i  i p i  I i
r -  O ' i n  p i  i i h  i i

O  P I  1-4 
P I

vo p- pi o' i in o i
P I O ' o  P I  I O ' i
P I  O ' 1-4 I H I

H  H  
P I

•r4 H  1-4 
14 i-4 r4 

P- .C  -r4 -H U ml U) U O £4



m

Table 22. Estimated number of fish caught (thousands) by marine recreational fishermen in 1994 for selected
species by subregion, state, and area fished (Gulf Subregion).

SUBREGION

North Middle South Gulf of All
Species Atlantic Atlantic Atlantic Mexico Subregions

Summer Flounder 1,016 16,184 407 . 17,607
Gulf Flounder « » - 768 769
Southern Flounder * • 828 536 1,364
Winter Flounder 485 1,797 » * 2,282
Flounders, Other 67 237 1,691 190 2', 185

STATE
(Gulf Subregion)

Species Fla Ala Miss Ls Totals

Gulf Flounder 752 768
Southern Flounder 31 55 118 332 536
Flounders, Other 124 - 35 - 189

AREA FISHED 

(Gulf Subregion)

Species

Ocean 
3 Miles 
or Less

Ocean 
More Than 
3 Miles

Ocean 
10 Miles 
or Less Over

Ocean 
10 Miles Inland

All
Areas

Gulf Flounder 13 61 2 692 768
Southern Flounder 71 7 7 1 450 536
Flounders, Other 1 0 - 57 6 116 189

Note: An asterik (*) denotes none reported.
Note: A dash (-) denotes less than 30 thousand reported. However the figure is included in the row and column

totals.
Note: “Ocean 10 Miles or Less" and "Ocean Over 10 Miles" refers only to the Florida Gulf coast where state

jurisdiction extends to three marine leagues, approximately 1 0  nautical miles.

Source: U. S. Department of Commerce, MRFSS, 1994.



Table 23. Resident recreational
Louisiana.

saltwater angler licenses issued, 1984-1994,

Season Number Sold

1984-85 102,125

1985-86 169,149

1986-87 198,852

1987-88 195,099

1988-89 204,686

1989-90 208,292

1990-91 206,088

1991-92 229,805

1992-93 245,952

1993-94 265,759

Source: Personal Communication, Joann Newchurch, LDWF License
Section
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SOUTHERN FLOUNDER
SUMMARY OF CHANGES FROM 1996 ASSESSMENT

This summary provides a quick reference of substantive changes in methods or 
corrections in this year’s assessment from the 1996 assessment conducted for southern flounder.

Section 5.2 Natural Mortality

• The reference to 90% and 99% mortality corresponding to M l% and MO. 1% described in 
the function by Alagaraja (1984) was incorrect. The correct reference should be 99% and 
99.9%. Also, the maximum age for female southern flounder was incorrectly 
documented as age 6. Female southern flounder have been aged to 7-years-old. 
Therefore, natural mortality rates corresponding to these corrections are 0.66 and 0.99.

• The change in the maximum age of southern flounder also changes the natural mortality 
rate calculated from the function described by Hoenig (1983). The corrected natural 
mortality rate is 0.47.

The effect of changing the maximum age was to reduce the estimates of natural mortality.
However, the changes were not low enough to warrant any changes in the ranges of natural
mortality evaluated (0.5 - 0.8).

Section 5.3 Disappearance Rates and Fishing Mortality
• The greatest difference in this year’s assessment is the incorporation of an age-length-key 

to age fish rather than the use of a growth equation. Using the age-length-key should 
reduce the misassignment of ages to fish of given length.

• Disappearance rates were calculated and provided by year for years where 
length-frequency data was available rather than by combining years.

• Selectivities were recalculated due to the change in catch-at-age from the use of an 
age-length-key.

Section 5.6 Status of the Stock
• The calculation of fishery-independent mean catch-per-effort for trammel net and seine 

samples was changed from using an arithmetic mean of positive samples to using a log 
transformed mean of all samples. The function is described as follows:

Mean CPUE = ( exp ( £ln ( catch +1 ) / N )) -1
where, catch is the total number caught in each set and, N is the number of samples taken 
annually. This method accounts for all samples taken and reduces the impact of occasional large 
catches on the estimate of CPUE.
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SOUTHERN FLOUNDER 
5.0 STOCK ASSESSMENT

This assessment uses yield-per-recruit (YPR), Spawning Potential Ratio (SPR) and catch 
curve analyses to estimate the impact of fishing pressure on potential yield and the spawning 
potential of the southern flounder stock in Louisiana waters. Estimates derived from YPR and 
SPR are based on information regarding the growth rate and spawning potential of the fish, and 
on estimates of the natural mortality rate (M) and fishing mortality rate (F) on the stock. 
Catch-curve analysis estimates disappearance rates (Z1) from the fishery based on the relative 
abundance of each age class in the harvest. The results from this assessment provide a 
generalized approach towards estimating the impact of fishing on the spawning potential and 
potential yield of the fish stock. The spawning biomass of females is assumed to be the factor 
limiting the spawning potential of the stock; therefore, where possible, only data on female 
southern flounder are used. Yield-per-recruit and SPR analysis, as with many other generalized 
assessments, should be used only as a guide until a more comprehensive assessment can be 
conducted.

In developing a stock assessment, the unit stock must be defined. While a unit stock is 
often represented by that portion of the population which is genetically similar, for our purpose, 
the most applicable definition seems to be one which considers the unit stock as that portion of 
the population which is either dependent on Louisiana waters, or which is available to Louisiana 
fishermen.

51 Growth
Von Bertalanfry growth parameters were calculated for female southern flounder in 

Louisiana by using aged samples collected by Thompson (B. Thompson, Coastal Fisheries 
Institute, Louisiana State University, unpublished data) combined with juveniles assigned to age 
0 ( < 100 mm total length) by length frequency analysis from LDWF fishery-independent trawl 
samples. From the combined data, a three-parameter von Bertalanfry growth equation was 
estimated using nonlinear approximation (SAS, 1987). The equation is as follows:

Female U  =  509(l-e

where, Lt= length at age t. A plot of the data and predicted growth is provided in Figure 5.1.

A length-weight regression for female southern flounder was derived using fish collected in 
Louisiana by Thompson (unpublished data) and the LDWF fishery-independent surveys. The 
resulting output of the SAS regression analysis is presented in Table 5.1. The length-weight 
regression used is as follows:

log W = 3.18369 * log L - 5.386116
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where, W = body weight in grams, and L = total length in millimeters. A plot of the data and 
predicted weight-at-length is provided in Figure 5.2.

5.2 Natural Mortality

Natural mortality is one part of total mortality (Z) and is the mortality due to all causes 
other than fishing. These include predation, disease, spawning stress, starvation, and old age. 
Typically, natural mortality is estimated as it is difficult to directly measure, especially on 
exploited fish stocks where natural mortality and fishing mortality occur simultaneously. No 
direct measure of natural mortality for southern flounder is available; therefore, several 
established estimation procedures were used to derive an estimate. The procedures are presented 
below and are taken from Sparre and Venema (1992).

Pauly (1980) provides a method of estimating natural mortality from a set of parameters 
including the asymptotic length and growth rate of the fish, and the average water temperature of 
the environment. The growth parameters from the von Bertalanfry growth equation described in 
Section 5.1 and the mean annual water temperature, derived from readings from a set of four 
constant recorders located throughout the Barataria Bay system, were used in the calculation. 
The mean water temperature was 22.7°C for the period 1989 - 1992 (pers. comm., M. Kasprzak, 
4/13/92). These values were incorporated into the length-based function of Pauly (1980);

ln(M) = -0.0152 - 0.279 * ln(U  ) + 0.6543 * ln(K) + 0.463 * ln(T).

where, ln(M) = natural log of natural mortality, ln(L« ) = natural log of the asymptotic length, 
ln(K) = natural log of the growth coefficient and ln(T) = natural log of the mean annual 
temperature in degrees Celsius.

Use of Louisiana data on growth and water temperature applied to Pauly's function results 
in a natural mortality estimate of M=1.33.

Alagaraja (1984) and Hoenig (1983) provide methods of estimating M based on the fish’s 
lifespan or longevity with the assumption that M-Z. Longevity is also difficult to determine for 
exploited fish stocks, since the age distribution is usually truncated by fishing, but these methods 
are as useful as any in providing provisional estimates of natural mortality. The functions 
described by Alagaraja (1984) are;

M l%  = -ln(0.01)/Tm
■ - -----  M0.1% = -ln(0.001)/Tm

where, Ml% and M0.1% are the natural mortality rates corresponding to 99% and 99.9% 
mortality, respectively, given a fish’s lifespan (Tm) in years. Female southern flounder in 
Louisiana have been aged to 7-years-old (Thompson, personal communication). If it is assumed 
that 99% or 99.9% of the fish die by age 7 then corresponding natural mortality rates for Ml% 
and M0.1% would be 0.66 and 0.99 respectively.
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The function described by Hoenig(1983) is :

ln(Z) = 1.46-1.01 * ln(Tm)

where, when M=Z, longevity (Tm) can be defined as the maximum survival age. If  we assume 
that the maximum age of southern flounder has been truncated due to fishing from 9 to 7 years, 
the resulting estimate of natural mortality, given Tm=9, would be 0.47. However, if our 
assumption is incorrect and the maximum age is 7 years then the estimate of natural mortality 
would be 0.60.

Another method of estimating M is described by Rikhter and Efanov (1976) and utilizes 
population age at sexual maturity. The function is:

M = 1.521/(Tm50%0720) - 0.155

where, Tm50% is the age at which 50% of the population is mature. Age 1 is assumed to be the 
age at 50% maturity, based on the length at sexual maturity found by several researchers (Adkins 
et al. 1996), and results in an M of 1.37. However, if 50% maturity occurs at age 2 rather than 
age 1, the estimate of natural mortality would be 0.77.

In summary, the estimated rates of natural mortality for southern flounder in Louisiana 
using a variety of estimation procedures are as follow:

Pauly (1980) 1.33
Alagaraja (1984) 0.66 and 0.99
Hoenig (1983)

1) Longevity 9 years 0.47
2) Longevity 7 years 0.60

Rikhter and Efanov (1976)
1) 50% maturity age 1 1.37
2) 50% maturity age 2 0.77

5.3 Disappearance Rates and Fishing Mortality

The disappearance rate (Z1) from the fishery comprises total mortality (natural + fishing) 
and some unknown rate of decreasing availability of the fish to the fishery. If the unknown rate 
of availability is small or nonexistent, then the disappearance rate will be a reasonable estimate 
of total mortality. However, if a large portion of the disappearance rate is due to fish not being 
available to the fishery, then assuming Z -Z  will overestimate the impact of fishing.

We estimated rates of disappearance using data from two sources. The first source is the 
commercial data collected through the Trip Interview Program (TIP) for 1994-1996, and the
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second, data from the recreational fishery (NMFS Marine Recreational Fishery Statistics Survey 
1994-1995). The data from both of the surveys did not distinguish between sexes, therefore we 
assumed for this assessment that all fish sampled were female. Fish were aged by using an 
age-length key developed from otolith aging of fish by Thompson (unpublished data) and 
LDWF’s ongoing aging study. Eleven hundred and seventy nine aged fish were used in the 
development of the age-length key (Table 5.2). To calculate disappearance rates, we regressed 
the natural log of the catch-per-unit-effort against age, beginning with the age at full recruitment 
to the fishery. This method assumes that recruitment is constant and the fishery is in 
equilibrium. Disappearance rates were calculated from the commercial and recreational data by 
year where length frequency data was available. The calculated disappearance rates ranged from
1.1 to 1.3 (Figures 5.3A-C and 5.4A-B).

Catch-at-age from the commercial and recreational fishery in 1995 was used to derive 
age-specific selectivities to be used in yield-per-recruit analysis. The method presented in Sparre 
and Venema (1992) was used to develop selectivities. This method uses a linearized catch curve 
to determine the selectivity of fish not yet fully recruited to the fishery. The ratio of the observed 
catches to the expected catches at each age is the probability of capture or selectivity of the 
fishery at age. This selection ogive is then regressed in the equation:

ln( 1 / St- 1 ) = T1 - T2 * t

where, St = the selectivity at age t, and T1 and T2 are constants corresponding to the intercept 
and slope of the regression. To develop theoretical or estimated selectivities at age the following 
equation is used:

St (estimate) - 1 / ( 1 +  exp( T1 - T2 * t)

Selectivities for ages up to full age-at-recruitment were used to describe the relative fishing 
mortality to that point; for age at full recruitment and older, selectivities are assumed to be I, or 
100% selected. Selectivities are as follows:

age 0 = 0.012 
ages 1 and older = 1.

5.4 Yield per Recruit

Yield-per-recruit and SPR analysis provides basic information about the dynamics of a 
fish stock by estimating the impact of mortality on yield and the spawning potential of the stock. 
The results can be examined as to the sensitivity of natural and fishing mortality rates on yield 
and spawning potential.

The growth parameters described in Section 5.1, sexual maturity described in Section 5.2 
and the age-specific selectivities described in Section 5.3 were incorporated into the 
yield-per-recruit and spawning potential analysis. Fecundity estimates were not available,
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therefore; mean weight at age was used in the estimation of spawning potential. Natural 
mortality rates of 0.5 to 0.8 by 0.1 were used in the analysis because they are on the lower end of 
the range of estimates and would provide the most conservative results. These rates are also used 
to describe the sensitivity of M on yield and spawning potential. The results are presented in 
Table 5.3, which contains estimates of Fmax (fishing mortality rate that produces maximum 
yield), F0.i (fishing mortality rate representing 10% of the slope at the origin of a yield-per-recruit 
curve), F2o%spr (fishing mortality that produces 20% SPR), F3o%spr (fishing mortality that 
produces 30% SPR), and annual estimates of F from the disappearance rates calculated in 
Section 5.3.

5.5 Conservation Standards

Conservation standards are intended to protect the viability of a fish stock for future 
generations. These standards have historically been based on a number of biological measures of 
the dynamics of fish stocks, depending on the availability and adequacy of data. Conservation 
standards should be separated into two types: a conservation threshold which is entirely 
biologically based and, a conservation target which considers biological measures modified by 
relevant social, economic, and ecological factors. A conservation threshold is a biological 
baseline for the harvest of a fish stock and should not be exceeded. It is the highest level of 
fishing mortality that will ensure that recruitment overfishing will not occur. Beyond the 
conservation threshold, a conservation target may be set, providing for other management goals 
in the fishery. Such goals may include maximizing yield in weight or numbers of fish, economic 
benefits or profit, employment, or some other measurable goal. These targets should be set at a 
fishing mortality rate below that of the conservation threshold in order to ensure that the 
biological integrity of the stock is not damaged by fishing.

The spawning potential ratio (SPR) concept described by Goodyear (1989), is a species 
specific value expressed as the ratio of the spawning stock biomass (or egg production) per 
recruit (SSB/R) in a fished condition to the SSB/R in an unfished condition. The concept is based 
on the premise that below some level of SPR, recruitment will be reduced. Goodyear (1989), 
recommends that in the absence of sufficient data to provide a value specific to the stock in 
question an SPR of 20% be used as a threshold. Work on North Atlantic ground fisheries also 
resulted in the calculation of a threshold SPR of 20% (Gabriel et al. 1984, Gabriel 1985). An 
SPR of 20% has been recommended for Spanish and king mackerel in the Gulf of Mexico 
(National Oceanic and Atmospheric Administration/National Marine Fisheries Service 1995), 
while an SPR of 8-13% has been demonstrated to be sufficient for gulf menhaden (Vaughan 
1987). In earlier analyses of Louisiana spotted seatrout fisheries (Louisiana Department of 
Wildlife and Fisheries 1991), an SPR threshold of 15% was recommended based on several years 
of data. Mace and Sissenwine (1993) examined 90 stocks of 27 species, and reported that the 
average replacement SPR for all these stocks was 18.7%, while the most resilient quarter of the 
stocks required a maximum of only 8.6%. These authors recommended that an SPR of 30% be 
maintained when there is no other basis for estimating the replacement level, as this level was 
sufficient in maintaining recruitment for 80% of the stocks examined. However, they noted that
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30% may be overly conservative for an "average" stock, and reiterated the need for stock-specific 
evaluations of standards to enhance both safety and benefits in the fishery.

Sufficient information is not available to directly estimate a conservation threshold for 
southern flounder in Louisiana. However, the conservation target of 30% SPR established by the 
1995 Regular Session of the Louisiana Legislature for black drum, southern flounder, 
sheepshead, and striped mullet appears to be adequate to maintain the southern flounder stock 
and prevent recruitment overfishing.

The use of any measure of the health of a fish stock as a perfect index is arguable. It is 
logical to conclude that growth overfishing should occur at a much lower fishing rate than that 
which would threaten recruitment. However, Mace and Sissenwine (1993) provide information 
to suggest that some stocks may have reduced recruitment at levels of fishing that would not 
reduce yield-per- recruit. The preferable position for making recommendations on appropriate 
levels of fishing for a stock is to base those recommendations on actual measures of spawning 
stock size and recruitment for both the species and fishery in question. This requires a base of 
information resulting from monitoring of both the stock and the fishery over a variety of 
conditions. Without this information, conservation standards may either underestimate or 
overestimate the potential of a fishery. If the potential is underestimated, society loses the 
economic and social benefits of the harvest. If the potential is overestimated and the fishery is 
allowed to operate beyond sustainable levels, society loses the benefits of a sustainable fisheiy, 
and recovery will require some period of rebuilding, when effort must be reduced from the 
non-sustainable levels (Hilbom and Walters, 1993). Some researchers have speculated that 
overharvest of some stocks may lead to their replacement in the ecosystem by other, often less 
preferred, stocks. The frequency of such replacements is unknown, and the cause of shifts in 
species predominance in an ecosystem are difficult to ascertain, even after the fact. Such a shift 
has been reported in the Georges Bank area, where prolonged, intense harvest of cod and 
haddock has been implicated in gradual increases in skate and spiny dogfish populations 
(National Oceanic and Atmospheric Administration 1993).

5.6 Status of the Stock

Commercial landings have fluctuated over the period 1950-1995 with the highest 
landings in the mid-1980s and mid-1990s at 0.94 and 0.97 million pounds, respectively (Figure 
5.5). Recreational landings were equal to or greater than those of the commercial fishery until 
1991 when the commercial fishery began harvesting a greater percentage of the total harvest 
(Figure 5.6). Harvest from the recreational fishery has fluctuated for the years examined 
(1981-1995), but shows no long-term downward trend. Mean catch-per-trip from the 
recreational fishery was calculated by selecting those trips that had southern flounder in the 
catch. The means with 95% confidence limits are presented in Figure 5.7. The catch-per-effort 
(CPUE) indices seem to cycle over the years examined, with 1987 having the lowest mean cpue. 
Since 1990 cpue has shown a declining trend with 1995 being significantly lower then 1982 and
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1990. Catch-per-effort data from the Departments, fishery-independent trammel net (750' - 1 
5/8" inner, 6" outer wall) and 16-foot flat otter trawl samples were calculated as follows:

Mean CPUE = ( exp ( £ln ( catch +1 ) / N )) -1

where, catch is the total number caught in each set and, N is the number of samples taken 
annually. Trammel net data were used for the period 1986-1996, and 16-foot trawl data were 
used for the period 1967-1996. CPUE estimates from trammel nets fluctuated without any 
indication of a downward trend (Figure 5.8). With the exception of the 1989 CPUE for trammel 
nets, which was significantly lower than 1986 and 1995, no other differences were found at the 
95% level. Trawl data was used to provide an index of young-of-the-year recruitment. The 
long-term database provide by 16-foot trawl data shows how CPUE cycles over time and 
represent natural fluctuations in recruitment. Whatever the cause of the cyclic nature of the 
indices, no evidence from the 16-foot trawl data indicates a long-term downward trend in CPUE 
for southern flounder (Figure 5.9).

Rules for the harvest of southern flounder have changed substantially over the last two 
years. Commercial harvest methods were changed on August 15, 1995 when Act 1316 of the 
1995 Regular Legislative Session, the Marine Resources Conservation Act of 1995, became 
effective. This act outlawed the use of "set" gill nets or trammel nets in saltwater areas of 
Louisiana, and restricted flounder harvest by the use of "strike" nets to the period between the 
third Monday in October and March 1 of the following year. A "Restricted Species Permit" was 
required in order to harvest flounder, and several criteria were established in order to qualify for 
that permit. This set of regulations had the effect of substantially reducing the harvest of 
flounder by this segment of the commercial fishing industry.

A second set of regulations became effective on May 1, 1996. Recreational harvesters 
were restricted to a creel limit of ten (10) southern flounder, with one day's limit in possession. 
At the same time, the use of strike nets for the harvest of southern flounder was outlawed, and 
other commercial harvesters were limited to a possession limit of ten (10) fish per person aboard 
a commercial vessel. This set of regulations reduced the ability of some recreational harvesters 
to retain southern flounder, and also reduced the harvest potential of the commercial fishing 
industry.

It should be noted that the following results of YPR and SPR analysis do not reflect the 
impact of current regulations described above. With this type of general assessment, it will take 
several years before the impact of regulations will be observed in the disappearance rates from 
the fishery. The results do represent the impact of the fishery on the flounder stock given the 
fishing pressure existing in 1994 and 1995.

The results of YPR analysis indicate that if M=0.5 (the most conservative value within 
the range of estimates), the fishery prior to existing regulations was operating between Fo.i and 
F m a x , with yields of 93% to 94% of maximum and SPR at 27% to 28%. An M of 0.8 (the
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highest value within the range examined) would produce yields of 65% to 67% of ma-rimum 
with SPR at 51% to 52% (Table 5.3).

Based on this generalized assessment, if M is 0.5, and fishing mortality rates continue at 
1994-1995 levels, then southern flounder would be harvested at a rate that would drive the stock 
in the long term below the target SPR of 30% established by the Louisiana Legislature. 
However, if M is higher than 0.5, or regulations implemented since 1995 have effectively 
reduced fishing mortality rates from 1994-1995 levels, then harvest rates would provide SPRs 
greater then 30%.

5.7 Research and Data Needs

Estimates of natural mortality used in the present assessment show wide variation. This 
variation reduces the reliability of the present assessment in providing an accurate prediction of 
the potential yield of the stock, and also reduces the confidence level of the present estimate of 
SPR. A more precise estimate of natural mortality would assist in both of these problems.

Annual age-length keys should continue to be developed to provide catch-at-age data 
necessary to conduct age-based population assessments. The department is in the process of 
collecting otoliths for development of annual age-length keys.

The relationship between wetlands losses or modifications and the continuation of fishery 
production within the state has been discussed by many authors. However, this relationship is 
likely to be different for the various fishery species. Understanding of this relationship for 
southern flounder should be an ongoing priority.

In the presence of changing regulations, fishery-dependent information is not a reliable 
source of data necessary to assess the status of a fish stock. However, such data is necessary to 
measure the effects of fishing on that stock. Consistent fisheiy-dependent and 
fishery-independent data sources, in a comprehensive monitoring plan, are essential to 
understanding the status of fishery stocks, and to identifying causes of changes in stock 
abundances. Present programs should be assessed for adequacy with respect to their ability to 
evaluate stock status, and modified or enhanced to optimize their capabilities.
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Table 5.1 - SAS output from length-weight regression analysis

The SAS System

Model: MODEL 1 
Dependent Variable: LOG_W

Analysis of Variance

Sum of Mean
Source DF Squares Square F Value Prob>F

Model 1 54.62048 54.62048 14726.405 0.0001
Error 966 3.58291 0.00371
C Total 967 58.20339

Root MSE 0.06090 R-square 0.9384
Dep Mean 2.90704 Adj R-sq 0.9384
C.V. 2.09497

Parameter Estimates

Parameter Standard T for HO:
Variable DF Estimate Error Parameter=0 Prob > |T|

INTERCEP 1 -5.386116 0.06836746 -78.782 0.0001
LOG_L I 3.183690 0.02623508 121.352 0.0001
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Table 5.2 - Age-at-length distribution of fish used in age-length key development.

Length
.(inches)

AGE

0 1 2 3 4 5 6 7 Total
5 1 1
6
7 1 1
8 6 4 10
9 2 10 12
10 12 17 29
11 10 21 3 2 36
12 5 40 8 2 55
13 8 57 8 3 76
14 4 94 29 1 128
15 1 139 38 5 1 184
16 122 48 7 1 178
17 1 87 53 14 3 158
18 64 45 13 2 3 127
19 34 33 7 5 2 1 82
20 10 16 2 6 1 35
21 10 15 8 5 38
22 3 4 1 1 9
23 5 2 3 1 12
24 3 1 2 6
25 1 1
26 1 1
Total 49 712 304 74 28 9 2 1 1,179
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Table 5.3 Results o f Yield p e r  R ecruit and SPR  Analysis fo r Southern Flounder 

M=0.5
F  Ratio YPR SPR %SPR %YPR

F-maX = 2.0000 0.6437 03218 11.70% 100.00%
FD .l« 0.5521 0.5600 1.0143 36.86% 87.00% Benchmarks

F30% = 0.7207 0.5950 0.8256 30.00% 92.44%
F20% = 1.1450 0.6302 0.5504 20.00% 97.90%

1994 Commercial” 0.6000 0.5721 0.9535 34.65% 88.88%
1995 Coimnjercial=
1996 Commercial”

0.7700 0.6020 0.7818 <28.41®/^ i 93.52%
0.7300 0.5964 0.8170 92.65% Estimates

1994 R ecreational” 0.8000 0.6057 0.7571 *29d*% 943)9%. ,
1995 R ecreational” 0.7700 0.6020 0.7818 93.52% 1 ----

i

0.6
F  Ratio YPR SPR %SPR %YPR

F-max = 2.0000 0.5608 0.2779 14.06% 100.00%
F0.1 = 0.6678 0.4757 0.7099 35.91% 84.83% Benchmarks

F30% = 0.8460 0.5038 0.5931 30.00% 89.84%
F20% = 1.3629 0.5422 0.3954 20.00% 96.68%

1994 Commercial” 0.5000 0.4332 0.8638 43.70% 77.24%
1995 Commercial” 0.6700 0.4762 0.7082 35.82% 84.91%
1996 C om m ercia l 0.6300 0.4679 0.7401 37.44% 83.42% Estimates

1994 R ecreational” 0.7000 0.4818 0.6858 i 34.69% 85.92%
1995 R ecreational” 0.6700 0.4762 0.7082 35.82% 84.91%

0.7
F Ratio YPR SPR %SPR %YPR

F-max ” 2.0000 1 0.4858 0.2405 16.49% 100.00%
FD .l” 0.7970 1 0.4105 0.5126 35.13% 84.49% Benchmarks

E30% ” 0.9842 ! 0.4332 0.4377 30.00% 89.16%
F20%  = 1.6064 0.4726 0.2918 20.00% 97.28%

1994 Com m ercial5 0.4000 0J 140 0.7826 53.63% 64.63%
1995 Commercial” 0.5700 0J 671 0.6416 43.97% 75.55%
1996 Commercial” 0.5300 ! 03566 0.6705 45.95% 73.40% Estimates

1994 R e c re a tio n a l 0.6000 03742 0.6213 42.58% 77.03%
1995 R ecreational” 0.5700 03671 0.6416 1 43.97% 75.55%

M=0.8
F  Ratio YPR SPR % SPR %YPR

F-maX = 
F0.1 = 

F30% =  
F20% =

1994 Commercial”
1995 Commercial”
1996 C o m m ercia l

1994 R e c re a tio n a l
1995 R ecreational”

2.0000 0.4218 0.2086 18.93% 100.00%
^^JJ^nchm arks0.9435 0 J5 9 6 03788 3437% 85.25%

1.1347 0.3777 03306 30.00% 89.56%
1.8747 0.4174 0.2204 20.00% 98.9»<4
0.3000 0.2134 0.7089 k 6 4 3 3 e/ J ^5 0 .59%

Estimates
0.4700 0.2742 0.5812 52.74%" ^  65.02%
0.4300 0.2622 0.6074 55.12% 62.16%
0.5000 0.2826 0.5629 51.08% 67.00%
0.4700 0.2742 0.5812 52.74% 65.02%



Figure 5.1 Fit of Growth Equation to Observed Age at Length
Female Southern Flounder
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Figure 5.2 - Fit of Length Weight Regression 
Female Southern Flounder
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Figure 5.3A - Disappearance Rate for Southern Flounder
Louisiana Commercial Fishery (1994)
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Regression Output:
Constant 6.9377
Std Err of Y Est 0.1829
R Squared 0.9951
No. of Observations 7
Degrees of Freedom 5

X Coefficient(s) -1.102 
Std Err of Coef. 0.0346



Figure 5.3B - Disappearance Rate for Southern Flounder
Louisiana Com m ercial Fishery (1995)
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Regression Output:
Constant 7.7152
Std Err of Y Est 0.3272
R Squared 0.9884
No. of Observations 7
Degrees of Freedom 5

X Coefficient(s) -1.275
Std Err of Coef. 0.0618



Figure 5.3C - Disappearance Rate for Southern Flounder 
Louisiana Commercial Fishery (1996)
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Regression Output:
Constant 5.2409
Std Err of Y  Est 0.2943
R Squared 0.9899
No. of Observations 7
Degrees of Freedom 5

X Coefficient(s) -1.23
Std Err o f Coef. 0.0556



Figure 5.4A - Disappearance Rate for Southern Flounder
Louisiana Recreational Fishery (1994)
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Regression Output:
Constant 6.5849
Std Err of Y  Est 0.2809
R Squared 0.9918
No. of Observations 7
Degrees of Freedom 5

X  Coefficient(s) -1.309
Std Err o f Coef. 0.0531



Figure 5.4B - Disappearance Rate for Southern Flounder 
Louisiana Recreational Fishery (1995)
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Regression Output:
Constant 6.0414
Std Err of Y Est 0.4842
R Squared 0.9749
No. of Observations 7
Degrees of Freedom 5

X Coefficient(s) -1.275
Std Err o f Coef. 0.0915



Figure 5.5 - Commercial Harvest of Southern Flounder
in Louisiana
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Figure 5.6 - Louisiana Commercial and Recreational Harvest
of Southern Flounder
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Figure 5.7 - Catch per Effort of Southern Flounder in Louisiana
NMFS Marine Recreational Fishery Statistics Survey
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Figure 5.8 - Catch per Effort of Southern Flounder in Trammel Nets
Marine Fisheries Division, Monitoring Program
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Figure 5.9 - Catch per Effort of Southern Flounder in 16' Trawls
Marine Fisheries Division, Monitoring Program
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1.0 INTRODUCTION

Sheq^shead ( A r c h o s a r g u s  p r o b a t o c e p h a l u s )  were caught by sport anglers in Louisiana and other 
Gulf states for long before modem fisheries statistics were kept. Within the last decade, a targeted 
commercial fishery of sheepshead has developed, but relatively little attention has been paid to the 
biology or ecology of the species. Sheepshead currently are omitted from fisheries management plans 
in the Gulf of Mexico, but they are included in the Fisheries Management Plan (FMP) for the 
Snapper-Grouper Fishery of the South Atlantic Region, (South Atlantic Fisheries Management 
Council 1983).

This document summarizes the current state of knowledge about sheepshead biology and its 
fishery as a basis for developing a fishery management plan.

1.1 Summary of the Fisheries

The commercial sheepshead fishery comprises two major components: an inshore gill net fishery 
and a trawl fishery of medium to large shrimping vessels that operates mainly offshore. Both 
fisheries are seasonal (Figure 1.1). Gillnets accounted for 57.7%, and trawls 39.6%, of the 1989 
commercial landings. Dockside value of these landings was $475,459. The 1993 and 1994 landings 
were worth over $ 1 million, dockside. Sheepshead are frequently caught in "multi-species targeting" 
(e.g., "fish trawling" or set gillnets), incidental to other species (e.g., shrimp trawling) and are also 
directly targeted. In 1972, trammel nets accounted for 67% of commercial sheepshead landings; in 
1989, only 0.1% of the total landings were from this gear (Figure 1.2). This decline in landings for 
this gear can be explained by the development of stronger, less expensive nylon nets. More recently, 
gill net landings have gone down dramatically since Senate Bill 1316 was passed in 1995 (personal 
communication Robert Blanchet 1997).

While there are few, if any full time sheepshead fishermen, many commercial fishermen rely 
on catching sheepshead to augment their income. A year considered "below average" for landings of 
both shrimp and black drum, more sheepshead were landed in Louisiana than ever before in 1989.

Thousands of recreational anglers enjoy catching sheepshead each year. Louisiana recreational 
landings have exceeded one million pounds in three of the past four years (MRFSS 1993 thru 1996). 
Only 60% of anglers kept the sheepshead they caught in Louisiana(Adkins e t  a l .  1990, Guillory and 
Hutton 1987, Fontenot and Rogillio 1970) and Texas (Osbum e t  a l .  1988). Total recorded Louisiana 
recreational sheepshead harvest for 1980 - 1995 ranged from a high of 1,311,733 lb in 1995 to a low 
of 326,398 lb in 1987 (MRFSS), (Figure 1.4).
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1.2 Problems of the Fishery

Commercial landings for sheepshead increased during the 1980's, and have averaged over 3 
million pounds from 1990 -1995 (Figure 1.3). Sheepshead that once were discarded as bycatch in the 
shrimp fishery are now landed. Trawlers now target sheepshead at certain times of the year. During 
the spring, a single large trawl boat may land up to 20,000 lb of sheepshead at one time, creating 
"soft" markets and sometimes "flooding" the market (W. Estay, Wayne Estay Shrimp Co., Personal 
Communication). Sheepshead are bulky to ship and store, and have a relatively low profit margin per 
pound. However, with traditional species becoming less available because of increasingly restrictive 
regulations, sheepshead remain a good alternative as the steady landings reflect. Federal regulations 
mandating the use of turtle excluder devices (TEDs) and anticipation of similar regulations concerning 
bycatch reduction devices (BRDs) on all offshore trawls may effectively eliminate the offshore 
component of the fishery. Potential creation of no-fishing zones (marine sanctuaries) may also affect 
the fishery, as would a state ban or further restrictions on gill-netting.

Long-term problems for sheepshead may come from habitat degradation. Louisiana is 
experiencing the highest rate of coastal erosion in the U.S. and possibly, the world (Penland e t  a l .  
1990). Coastal land loss severely impacts fishing industries (Gagliano and van Seek 1970). The 
continuing reduction of estuarine areas necessary to larvae and juveniles would affect the overall 
sheepshead population. The removal of underwater structures, such as oil and gas platforms that 
adults utilize may also adversely impact sheepshead numbers and availability.

Y
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2.0 BIOIjOGY

2.1 Taxonomy and Nomendafrire

The accepted scientific name of the sheepshead is A r c h o s a r g u s  p r o b a t o c e p h a l u s  (Walbaum) 
1792. They are a member of the Sparidae family, also referred to as porgies. The following 
synonymy is abbreviated from Jordan and Evermann (1896).

S p a r g u s ,  Schopf, 1788
S p a r g u s  p r o b a t o c e p h a l u s ,  Walbaum, 1792
j S p a r g u s  o v i c e p h a l u s ,  Bloch and Schneider, 1801
S p a r g u s  o v i s ,  Mitchill, 1814
D i p l o d u s  p r o b a t o c e p h a l u s ,  Jordan and Gilbert, 1882
A r c h o s a r g u s  p r o b a t o c e p h a l u s ,  Jordan and Easier, 1893

Sheepshead is the common name preferred by the American Fisheries Society (Robins e t  a l .  
1991). Other common names include sheepshead bream, sheepshead porgie, convict fish, striped 
bandit, rondeau mouton'(French), tete de mouton (Louisiana French), sargo chopa, pargo (Spanish).

2.2 Morphology

Morphology was described by Jordan and Evermann (1896), Ginsburg (1954), Hildebrand 
(1955), Caldwell (1965), Hoese and Moore (1977), Mook (1977) and compiled by Johnson (1978). 
The following descriptions were derived from these authors.

Sheepshead are greenish yellow to grayish in color; sides have 6 black crossbars not counting 
the incomplete head bar; dorsal, anal, and pelvic fins are mostly dusky or black and caudal and
pectoral fins are greenish to grayish.

*.
, Body stout, deep, moderately compressed; back elevated, head short, deep,
snout short; mouth horizontal, maxillary reaching to anterior margin of eye, slipping 
under lacrimal for all or most of its length. Scales ctenoid. Dorsal fin continuous, with 
strong spines; caudal fin slightly forked; pectoral fins long, reaching beyond anal 
origin; pelvic fins not reaching anus.

D. X to XII, 10-13, typically XII, 11; A. Ill, (9) 10-11; C. 9 +  8, procurrent 
rays 8-9 + 7; P. 15-17; V. I, 5, axillary process well developed; scales 44-50 in 
lateral series, lateral line scales 41-53; vertebra 10 +  14; gill rakers short, 6-9 on 
lower limb of first arch, anterior teeth incisiform, entire or slightly notched, 3 above
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and 4 below; posterior teeth molariform, 3 series above and 2 below; vomer and 
palatines without teeth.

Head 3-3.3, depth 1.9-2.5, pectoral fin 2.5-3.7 in standard length; snout 2.1-2.6, eye 2.7-4.5, 
maxillary 2.7-3.3 in head.

Rathbun (1892) described the eggs as buoyant, about 0.8 mm diameter, and transparent. 
Mook (1977) examined egg-sac larvae, detailing first pigmentation and formation of the dorsal fin, 
with 16 actinotrichia at 4.5 mm (SL). Larval development from 5 mm to 30 mm is illustrated and 
described by Hildebrand and Cable (1938). They report body proportions at 6 mm as: body depth 
3.4, head 3.0 (SL), snout 4.2, eye 3.1 into head. They also include a meristic description at 25-30 
mm, along with pigment development through early life stages.

2.3 Stock Description

Sheepshead are common estuarine inhabitants, found from Cape Cod, Massachusetts, to 
Texas (Bigelow and Shroeder 1953). They have been reported as far north as Nova Scotia (Gilhen 
e t  a l .  1976) and south to Rio de Janeiro (Randall e t  a l .  1978). Within the United States Gulf of 
Mexico, they are commonly found in all five states (Figure 2.1).

While numerous reports refer to the abundance of sheepshead in the Gulf of Mexico (LDWF 
1917, Gowanloch 1933, Ferret e t  a l .  1971, Jennings 1985), most studies report that very few 
collected with traditional sampling methods such as gill nets, seines and trawls (Fontenot and Rogillio 
1970, Ferret e t  a l .  1971, Juneau 1975, Tarver and Savoie 1976, Barrett e t  a l .  1978, Adkins and 
Bourgeois 1982; Meador e t a l .  1988). Large juveniles and adult sheepshead tend to aggregate around 
structures: oil and gas platforms, oyster reefs, bulkheads, rocks, jetties, etc. (Hildebrand and Cable 
1938, Mook 1977, Ogbum 1984, Jennings 1985 and Sedberry 1987). The association with structure 
and the under representation of the species with traditional sampling gear probably results in 
underestimates of sheepshead abundance in most coastal fisheries studies. Most gears, such as seines, 
and trawls, are not selective for structure-oriented fishes (Allen e t  a l .  1960). Gillnets and trammel 
nets are not effective for catching sheepshead unless set near shores or structures (Boudreaux and 
Schexnayder 1995).

Norden (1966) using a variety of gears (e.g., gillnets, trammel nets, trawls, seines and hook 
and line) collected 70,539 fishes in Vermillion Bay, Louisiana, of which only one was a sheepshead. 
In a comprehensive, coastwide study of Louisiana by Ferret e t  a l .  (1971), 74 sheepshead were taken - 
40 by trawls and 34 by seines. Ferret e t  a l .  (1971) concluded that "this species is much more 
common than is indicated by these results." Sampled of the Biloxi marsh complex with trammel nets 
over 8 years yielded sheepshead year round, with September catches lower than other months and 96 
% of the fish caught were between 0.5 - 5.5 lb and were in the 5-in to 22-in category (Fontenot and
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Rogillio 1970). Juneau (1975) caught 15 sheepshead in 2 years of trawl and seine sampling in the 
Vermilion-Atchafalaya bay complex. Noting good catches by local fishermen using other gears, he 
suggested gear selectivity as the reason for his low recorded catch. Data from 10 years of LDWF 
coastal gill net, trammel net and seine samples exhibit similar trends.

Although Reid (1954) caught no sheepshead in Cedar Key, Florida, while using a trawl, beam 
trawl, push net, wire strainers, dip nets, trammel net, and a cast net, he noted that 2 to 3 lb 
sheepshead were caught in abundance by hook and line near a pier in the study area.

2.4 Reproduction and Early Life History

Information on sheepshead spawning is limited. Springtime spawning has been reported from 
mid-Atlantic coastal waters and in the Gulf of Mexico (Jordan and Evermann 1896, Hildebrand and 
Cable 1938, Springer and Woodbum 1960, Christmas and Waller 1973).

Based upon visual assessment of gonads, Fontenot and Rogillio (1970) reported a major 
spawning period in southeastern Louisiana (Biloxi Marsh) from February through May with a minor 
period from October through December. Wilson e t  a l .  (1989) and Render and Wilson (1992) 
examined gonads histologically and identified the period of spawning (egg shedding and batch 
production) in the northern Gulf from late February through late April (Figure 2.2). They found no 
evidence of spawning during other times of the year (Figure 2.3).

Specific spawning locations are not well documented. Callaway and Martin (1982) reported 
observing a spawning aggregation in association with an oil and gas platform in the northern Gulf of 
Mexico. Wilson e t  a l .  (1989) and Render and Wilson (1992) also concluded that the incidence of 
hydrated eggs in females was greatest in fish collected from offshore waters and classified them as 
group-synchronous fractional spawners. Sheepshead tend to aggregate in nearshore waters during late 
winter and early spring, possibly at their spawning grounds (Gunter 1945, Kelly 1965, Jennings 
1985, Wilson e t a l .  1989, Render and Wilson 1992).

.Wilson e t a l .  (1989) estimated batch fecundity of sheepshead to range from 1,100 to 250,000 
and average 47,000. Die authors cautioned, however, that results were inconclusive. The significant 
difference in batch size from sheepshead collected nearshore versus offshore was not understood due 
to relatively low sample size of females with hydrated eggs (10 specimens from nearshore; 10 
specimens from offshore). Estimates from offshore fish only ranged from 14,000 - 250,000 
eggs/batch and averaged 87,000 eggs/batch. Spawning frequency could not be accurately determined 
from data available due to inadequate sample size and inconclusive results regarding batch fecundity 
(Wilson e t  a l .  1989).
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Based on the criteria that maturity is reached when 50% of the individuals in a population 
exhibit gonadogenesis, Wilson e t  a l .  (1989) and Render and Wilson (1992) reported age at maturity 
for sheepshead as age 2 for both males and females. Tucker (1987) reported similar results.

After hatching, the larvae make their way into estuaries. Postlarval sheepshead were observed 
in April and May in Caminada Pass, Louisiana, by Sabins (1973). Hoese (1965) reported one 19 mm 
specimen taken in Redfish Bay, Texas in May. Arnold e t  a l .  (1960) collected 10 larvae (6-11 mm) on 
May 1, 1957 near East Lagoon, Galveston Island, Texas. Juveniles were found from high salinity 
grass beds near the oceans (Christmas and Waller 1973, Laska 1973), to low salinity areas in Lake 
Maurepas, Louisiana (Millican e t a l .  1984), and the Mississippi River delta (Kelly 1965). Juveniles 
seem to prefer hard substrate habitat or other areas offering shelter. Sheepshead utilize oyster beds 
extensively (LDWF 1917) and a preference for shoalgrass beds has also been noted (Hildebrand and 
Cable 1938, Springer and Woodbum 1960).

Although hermaphroditism finds its most complex expression in the family Sparidae (Atz 1964), 
there is no evidence that sheepshead function other than gonochoristically. D'Ancona (1956) and 
Wilson e t c d .  (1989) found isolated oocytes in the testes of sheepshead, but both concluded that these 
were possibly indicative of a functionally hermaphroditic ancestry.

2.5 Age and Growth

Springer and Woodbum (1960), observed growth of juvenile sheepshead in Florida, noting 
that specimens averaged 20.7, 29.0, and 41.5 mm TL during June, July, and August, respectively 
(Figure 2.4). These lengths were 5-6 mm TL greater than those reported by Hildebrand and Cable 
(1938) from North Carolina.

Wilson" e t  a l .  (1989) provided the only reports of age and growth of adult Louisiana 
sheepshead. Age estimates were made by counting annuli on sectioned otoliths. Sheepshead sampled 
ranged in age from 2 to 20 years, although most individuals were Age II to VIII (Figure 2.5). Growth 
rates differed for males and females (Figure 2.6). Von Bertalanffy growth equations were:

«.

, , males: L, = 4i9(i„e-0-,17(t+00901>) t  =0.589 

females: L, = 4 4 7 (lV 367(,+1 025)) t  =0.532 

and by weight:

- - - males: Wt = 1900 )■”  \  =0.549

females: Wt = 2557 (i-e-°-219<t+3061> )-85 \  =0.474 

Fork length - weight regression equations were:
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sexes combined = 5.46 x 10"5 FL2,86
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f  =0.943 

f =0.926 

P =0.923
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Age distributions for fish captured by gillnets and otter trawls in Louisiana (Figure 2.7) were 
presented by Wilson e t  a l .  (1989). There were differences in distributions between years and gears. 
In 1987, Age II fish dominated gill-net samples, while trawl samples were dominated by Age V - 
VIII. Age III fish dominated gill net and trawl samples in 1988.

2.6 Feeding habits

Stomachs of 18 sheepshead (190 mm to 365 mm TL) from Copano Bay and Aransas Bay, 
Texas, were analyzed by Gunter (1945). Eleven contained large quantities of plant material ("grass" 
and algae), two contained plant material and unidentified crabs, one contained plant material and 
unidentified shell, and three contained blue crab ( C a U i n e c t e s  s a p i d u s ) ,  leading the author to conclude 
that sheepshead were largely herbivorous. Simmons (1957), Fontenot and Rogillio (1970) and Darnell 
(1958) also considered vegetation an important food item. Stomach of adult sheepshead (218-410 mm 
SL) from Lake Pontchartrain, Louisiana, contained plant material (54% by volume) C l a d o p h o r a  s p . t 
V a l l i s n e r i a  s p i r a l i s ,  and R u p p i a  m a r i t i m a ,  19% mussels ( M y t i l o p s i s  l e u c o p h a e t a  and M y t i l u s  
r e c u r v u s ) ,  10% sponges ( S p o n g i l l a  l a c u s t r i s ) ,  8% clams ( R a n g i a  c u n e a t a ) ,  3% Atlantic croakers 
( M i c r o p o g o n i a s  u n d u k t u s )  and other fishes, 1.5% mud crabs ( R i t h r o p a n o p e u s  h a r r i s i i ) ,  and less than 
1% each of blue crabs, barnacles { B a l a n u s  s p p . ) ,  unidentified amphipods, isopods, small gastropods 
and hydroids (Darnell 1958, Darnell 1961).

In the Florida Everglades grass beds, very small sheepshead feed first on copepods and then 
on amphipods, chironomids, mysidaceans and some algae (Odum 1971, Odum and Heald 1972). 
They changed from from vegetarian to an epifaunal carnivore; as fish reach about 35 to 40 mm, 
stomachs included small mollusks associated with hard substrates. Food habits also changed slightly 
between dry and wet seasons. Sheepshead diet in the wet season (June-December) consisted primarily 
of M y t i l o p s i s  l e u c o p h a e t a  (46% by volume), R h i t h r o p a n o p e u s  h a r r i s i i  (15%), and B r a c h i d o n t e s  
e x u s t u s  (15%), whereas in the dry season (January-May) their diet consisted primarily of 
B r a c h i d o n t e s  e x u s t u s  (47%) and hydrozoans (15%). In the same area, sheepshead were reported to 
feed on porcellanid and xanthid crabs, barnacles and plant material (Tabb and Manning 1961). In 
Tampa Bay, Florida, young sheepshead (under 50 mm) ate mostly gammarids, copepods and 
polychaetes (Springer and Woodburn 1960) while stomachs of specimens larger than 50 mm 
contained mostly molluscs and barnacles. Miscellaneous items included a sea urchin (unidentified), 
gastropods ( C r e p i d u l a ) ,  "sundry" small crustaceans and filamentous algae.
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Overstreet and Heard (1982) reported 113 different species utilized as food by sheepshead 
from Mississippi Sound. They found that the sheepshead diet was influenced by location, by length 
of fish sampled, and by season in which fish were collected. A greater percentage of fish from 145 
to 350 mm TL fed on molluscs and plants than did larger fish. More than 38% of the large fish 
contained crustaceans, polychaetes (including N e r e i s  s u c c i n e a  and D i o p a t r a  c u p r e a ) ,  molluscs, and 
fishes, whereas only molluscs and crustaceans occurred in small individuals. Fishes (mostly A n c h o a  
n d t d u l l i )  were common only in large sheepshead, and mostly in the spring. While common in the diet 
throughout the year, polycheates occurred most frequently in summer and crustaceans most frequently 
in spring. Overstreet and Heard (1982) also observed that when sea-grasses or algae were plentiful, 
sheepshead would occasionally feed heavily on these plants.

In addition to the references cited above, Brooks (1894), Linton (1905), Smith (1907), 
Hildebrand and Schroeder (1928), Miles (1950), Viosca (1954), Reid e t  a l .  (1956), Springer and 
Woodbum (1960), Franks (1970) and Mook (1977) provided some data on sheepshead food contents.

: Sheepshead are opportunistic omnivores. Most of the literature indicates that small 
sheepshead (<50 mm) live in or among grasses and eat small crustaceans. As these fish grow above 
50 mm in length they tend to move away from shore, associate with structure and firm substrate, and 
begin to eat larger crustaceans and molluscs. The dependence of sheepshead on plant material is 
unknown, although this material occurs frequently in smaller specimens. The plant material may have 
been incidental to foraging for small crustaceans on the plants, or vise versa. In Louisiana, where 
grass beds are not common, young sheepshead probably depend upon small crustaceans for food.

Availability of structures upon which barnacles and other forage food attach is important to 
sheepshead as shelter and a source of food. The removal of such structure (oil and gas platforms) 
could reduce the forage habitat of sheepshead. The sheepshead population may be artificially high 
now due to the increased structural habitat and the population may be reduced when the structures are 
removed or reduced.

2.7 Pathology

Sheepshead are commonly parasitized by many protozoans, including ciliates such as 
T r i c h o d i n a  s p .  (Overstreet and Howse 1977), and the dinoflagellate A m y l o o d i n i u m  o c e l l a t u m  
(Overstreet 1978). Other parasites of sheepshead, some possibly pathogenic include: trematodes 
(Hendrix and Overstreet 1977) such as M u l t i t e s t i s  r o t u n d u s  (Spracks 1957), M e g a s o l e n a  a r c h o s a r g i  
(Sogandares and Hutton 1959), L e p o c r e a d i u m  a r c h o s a r g i  (Corkum 1959) and C o t y l o g a s t e r  b a s i r i  
(Overstreet 1978); nematodes including T h y n n a s c a r i s  h a b e n a  (Norris and Overstreet 1975) and 
H y s t e r o t h y l a d u m  r e l i q u e n s  (Overstreet and Heard 1982); and an isopod, L i r o n e c a  o v a l i s ,  found in the 
gill chambers (Overstreet 1978).
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Overstreet (1978) also reported a unique parasitic relationship in sheepshead. Myxosporidians 
generally parasitize cold-blooded vertebrates; however, one species ( F a b e s p o r a  v e r m i c o l a )  infects a 
fluke (Trematode) that occurs in the intestines of sheepshead.

2.8 Behavior and Habitat Description

Sonnier e t  a l .  (1976) and Putt e t  a l .  (1986) reported sheepshead in western Louisiana 
associated with oil and gas structures inshore to about 50 kilometers offshore in waters no greater 
than 40 meters. Similarly, in the eastern Gulf they were present year round on reefs in 12-18 meters 
of water (Hastings e t  a l .  1975, Smith 1976). Adkins and Bowman (1976) caught sheepshead in 
dredged canals in coastal Louisiana; some were completely blocked, indicating these fish had been 
there since the last storm surge, which may have been several years previous. Until the advent of the 
trawl fishery near Grand Isle, more sheepshead were caught over rougher water bottoms east of the 
Mississippi River than on smoother bottoms west of the river (Jennings 1985, Darnell and Kleypas 
1987, Darnell e t a l .  1983). Perry (1986) presented evidence that sheepshead may aggregate in certain 
areas, but numbers captured were too low to be statistically significant. Dugas (1975) caught more 
sheepshead at night during July, but again numbers were too low to be statistically significant.

Gunter (1956) described sheepshead as euryhaline after collecting fish in water ranging from
2.2 to 29.9 ppt salinity, but they have been caught in salinities as high as 80 ppt (Gunter 1945). 
Springer and Woodbum (1960) collected sheepshead from salinities of 5 to 35 ppt and from 12.8 to
32.5 °C. Herald and Strickland (1948) regularly collected sheepshead from the freshwater of 
Homosassa Springs, Florida. Sheepshead were collected from salinities of 0 to 26.8 ppt and 11.0 to
34.1 °C in the St. Johns River, Florida (Tabetz 1967). Sheepshead were fairly common in salinities 
of 40 ppt or less in the Upper Laguna Madre, Texas (Simmons 1957).

Young-of-the-year enter North River, Florida in June continuing until late fall (Herald and 
Strickland 1948). Sheepshead were found only in vegetated areas of Cedar Bayou, Texas and young- 
of-the-year were taken in Mesquite Bay in winter when Cedar Pass was closed (Simmons and Hoese 
1959)% Springer and Woodbum (1960) found young-of-the-year occurring in the Tampa Bay area 
from June through October.

In Louisiana, young-of-the-year sheepshead were first found in seine samples in May. These 
fish grew to a mean size of about 150 mm by their first winter (Figure 2.8).

In Alabama, sheepshead less than 25 mm long were taken in May at salinities below 5 ppt 
(Swingle and Bland 1974). Seventy percent of all specimens were taken in the fall and winter. 
Juveniles seem to only sojourn in the river or marsh.habitat before returning to the bays, but some 
reenter the rivers in fall and winter (Swingle and Bland 1974). Available data suggest that some 
juvenile sheepshead use marshes as a nursery ground, but it is not known whether all juveniles are
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marsh dependent. Sheepshead adults aggregate around oil rigs, oyster reefs, wrecks, jetties, and other 
structure which have marine growth, particularly barnacles.

DRAFT 10



SHEEPSHEAD 2 / 3 / 9 7

3.0 DESCRIPTION OF THE FISHERY

3.1 History of Exploitation and Harvest

The first recorded commercial sheepshead harvest for the Gulf of Mexico was from Texas, 
where, in 1890, 778,800 lb were landed. Commercial harvest then declined until 1923 when landings 
were only 140,610 lb. Overharvest by haul seines and gillnets was implicated in this decline (Higgins 
and Lord 1926).

The average yearly commercial sheepshead harvest in Louisiana between 1945 to 1981 was 
142,697 lb (NMFS). Between 1982 to 1989 landings averaged 1,193,345 lb, and have increased to 
over 3,000,000 lb annually since 1990 (LDWF).

During most of this century, sheepshead have been harvested commercially using trammel net 
and haul seines. By 1989, trammel net landings were almost non-existent, with the harvest almost 
evenly divided between gillnet and trawl. Harvest of sheepshead by gillnet is now only permitted by 
holders of a pompano permit issued by the state, using a net of at least 5.5 inch stretch mesh and only 
during a restricted season. These restrictions will likely reduce gillnet harvest of sheepshead in 1996 
and beyond.

Sheepshead were once a more popular tablefare than they are today, with many restaurants in 
New Orleans at the turn of the century featuring sheepshead on the menu. In 1931, sheepshead 
commanded the same price ($0.08 per pound) as red drum ( S c i a e n o p s  o c e l l a t u s ) ( \ ? > t i \  Biennial 
Report, La. Dept, of Conservation). Because of the excellent quality off its flesh, sheepshead is likely 
to be in demand for years to come.

In 1993, sheepshead surpassed the other edible inshore finfish species in total pounds landed 
(Table 3.1). Because of the numerous harvest and gear restrictions recently placed on various species 
throughout the Gulf and low consumer interest in sheepshead, they are often used to substitute for red 
snapper ( L u t j a n u s  c a m p e d i a n u s ) ,  spotted sea trout ( C y n o s c i o n  n e b u l o s u s ) ,  red drum, and other fish 
on restaurant menus. They are also often sold under other names such as sea bream and ocean perch. 
Sheepshead filets may also be wrapped in cheesecloth, boiled in crab seasonings and used to make a 
good quality imitation crab meat which may also be mixed with crabmeat, yielding a product which 
has an increased wholesale value over the fish itself.

Sheepshead are rarely targeted by Louisiana anglers, still 1,311,733 lbs. were landed in 1995. 
They provide excellent sport when hooked but are notorious bait stealers (Viosca 1954).

DRAFT 11



SHEEPSHEAD 2 / 3 / 9 7

Because several fishing gears harvest more than one species of fish, it is impossible to isolate 
the economic impact of one species. Nevertheless, sheepshead are important economically in many 
ways. They provide a good quality fish for restaurants during times of the year when little else is 
available, and allow gainful employment to otherwise idled fishermen. Sheepshead were until recently 
a major component of the gillnet fishery.

3.2 Commercial Fishery

3.2.1 Description of Commercial Fishing Activities

Traditionally, sheepshead have been a bycatch fishery. Fisherman using gillnets or trammel 
nets retained sheepshead only if room permited after other, more valuable species were harvested. 
Some trawlers retained sheepshead when quantities were abundant or the price was high. Very little 
directed fishing for sheepshead occurred until 1987 when shrimp trawlers, particularly west of the 
Mississippi River, began targeting sheepshead in late winter and early spring.

The fleet now includes medium and large shrimp vessels utilizing shrimp trawls (1 W  to 2" 
mesh webbing) and larger mesh "fish" trawls (3" to 4" stretched mesh webbing). The trawl size and 
towing speed varies by boat; generally the larger-meshed trawls are smaller and are pulled much 
faster than those of smaller mesh. Most fishermen pull two to four nets at a time. Both methods are 
highly efficient in capturing schooling sheepshead and can sometimes harvest over 20,000 lbs. in one 
or two day trip (Pers. Comm., Wayne Estay 1990).

Russell e t  a l .  (1986) reported sheepshead was a major bycatch component in haul-seine 
fisheries for black drum ( P o g o n i a s  c r o m i s )  in Lake Pontchartrain. A 1989 ban on the use of spotter 
planes to locate black drum had little effect on sheepshead landings, because haul seines and strike 
nets accounted for only 15.7 % of Louisiana’s sheepshead landings for 1989 (NMFS).

Other gears utilized by Louisiana commercial fishermen to capture sheepshead include hand 
and troll lines, purse seines, butterfly nets, long lines (bottom and top) and mid-water trawls. The 
total combined catch for these gears has never exceeded 2 % of the yearly landings (NMFS). Purse 
seines and haul seines are now prohibited in state waters. As of March 1, 1997, trawls and rod and 
reel will be the only legal commercial harvest gear in Louisiana.
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3.2.2 Trends in Commercial Fishing and Harvest

Some of the earliest records from Louisiana show harvests of 249,000 lbs in 1908, 276,528 
lbs. in 1918, 193, 344 lbs. in 1923 and 182, 615 lbs. in 1927. From 1890 to 1923, commercial 
sheepshead landings in Texas steadily declined (Higgins and Lord 1926), despite an increase in other 
finfish landings (Figure 3.1). Before that time, the sheepshead was one of the three most abundant 
species caught for market. Quasi e t  a l .  (1989) reported that sheepshead landings in Texas increased 
following the prohibition of red drum and spotted seatrout sales in 1981.

After remaining fairly constant for many years, Louisiana landings have increased ten fold in 
the last decade (Figure 1.3). From 1930 to 1980, Louisiana annual landings have ranged from 26,200 
lb in 1940 to 312,600 lb in 1969 with an average annual landing of 129,850 lb. Since 1985, landings 
have steadily increased until 1993, when landings were 3,763,796 pounds with a reported dockside 
value of 1,094,911 dollars (Figure 3.2), and have remained over 3 million lbs. since. Methods of 
harvest have changed over time due to changes in technology, market conditions and lately, 
legislative decree.

Gillnets ("set" and "strike") contributed the largest proportion of the harvest in Louisiana by 
1989, totaling over one million pounds (NMFS). Landings fluctuate seasonally, with the largest 
numbers taken during cooler months (Figure 3.3). Over 98% of gillnet caught sheepshead come from 
inshore waters and most trawl caught fish are harvested offshore (NMFS). Wilson e t  a l .  (1988) 
observed that dominant age classes in commercial gill net catches were 2 and 3 year olds, while 
sheepshead caught offshore in trawls were mostly by 5-8 year old fish (Figure 3.4).

Until the mid-1980s, sheepshead were landed by trawlers exclusively as a bycatch. While a 
portion of the 'trawl landings are still incidental, trawlers now target sheepshead directly and also 
catch them while targeting black drum. This has led to a sharp increase in the number of sheepshead 
caught in trawls in the last 4 years. From 1979 to 1985, monthly trawl landings peaked during the 
spring trawling season (Figure 3.3). Since 1986, monthly landings increased in the fall also, 
reflecting the "fish" trawling activities. Trawls are now the principal means of commercial 
sheepshead harvest in Louisiana.

Until the recent restrictions on harvest of finfishes by gillnets, two distinct commercial user 
groups exploited sheepshead, gilinetter and trawler, each accounting for roughly 50% of the landings 
in 1989. The fish-trawl fishery is mainly conducted during the cooler months, and generally by 
fisherman who consider themselves "shrimpers". These fishermen use the same boats and in many 
cases the same trawls used for shrimping. Sometimes they target both black drum and sheepshead, 
but when asked most say they are fishing for sheepshead.

Trammel nets at one time were a major contributor to commercial sheepshead landings 
(NMFS). In 1972 trammel nets accounted for over two-thirds of Louisiana's commercial landings.
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Trammel net landings also showed seasonal variability with more landings in the cooler months 
(Figure 3.5). Proportionally trammel net harvest contributions have decreased because of reduced 
landing from trammel nets and an increased use of other gears. In 1989, trammel net catch was less 
than 1 % of the 1987 level, and made up only 0.1 percent of the 1989 landings.

Commercial sheepshead landings from the Gulf of Mexico show a trend similar to Louisiana 
(Figure 3.6). Average annual commercial landings of sheepshead in all Gulf states excluding Texas, 
increased in the 1980s as compared to landings in 1970s. Landings along Louisiana and the west 
coast of Florida continued to increase from 1990 thru 1994 while the other Gulf states declined. All 
gulf states showed some decrease in sheepshead landings in 1995, except Texas. Texas banned the 
use of- all gill nets in 1988 and their commercial landings dropped dramatically; average yearly 
landings for the 1990s are 15 % of the 1980s yearly average (NMFS).

3.2.3 Mariculture

Sheepshead have been artificially spawned and reared in Florida (Tucker 1987). Relatively 
low price and market demand, as well as low dress-out yield make it uneconomical to culture 
sheepshead at present.

3 .3 .3  E conom ics o f  the C om m ercial F ish ery

An economic analysis of a commercial fishery will involve dockside values. However, using 
only dockside prices will not measure the total benefit of the fishery to society. Commercial 
fishermen may accept lower financial returns and more uncertain benefits to remain within their 
occupation. There may be other non-monetary values the fisherman receives, such as more freedom, 
the aesthetic setting, wildlife seen while fishing, etc. Dockside value will not completely capture this 
valuer

.The total benefit to consumers of sheepshead is greater than a dockside price. Total benefits 
include the dockside price, any value added, and the willingness of some consumers to pay more than 
the market price. Value added is any processing or preparation of the fish. Some consumers would 
be willing to pay more for sheepshead than the market price because they derive more satisfaction 
from its consumption. The total benefits to the Louisiana economy would include all these items.

Dockside values are useful in trend analysis of the fishery. Economic data associated with 
Louisiana's commercial landings of sheepshead for 1980-94 is contained in Table 3.2. Landings have 
increased from slightly over 126 thousand pounds, in 1980 to over 3 million pounds in 1994. 
Further, price per pound has increased from $0.12 per pound in 1980 to $0.31 in 1994. The value 
of the sheepshead fishery in Louisiana was over one million dollars in 1994.
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Information on annual landings, prices, and total value are shown graphically in Figures 3.10,
3.11 and 3.12. The first two graphs showing landings compare the price trends, nominal and real. 
The effect of inflation on prices is removed by adjusting the price by the consumer price index (base 
period of 1982 to 1984). Since 1985, the price per pound for sheepshead has been going up.

As can be seen from the table, sheepshead have a relatively low dockside value and a low 
percentage of the total value of Louisiana's commercial seafood industry. However, sheepshead are 
recognized for the fine quality of their flesh, but because of their extremely low yield (about 20 
percent, Jerald Horst, pers. comm. 1986), they command a relatively low price. The demand for 
sheepshead is dependent on the relative abundance and availability of other more "desirable" species, 
such as spotted sea trout. At times of peak demand (lenten season), fishermen in the New Orleans 
area have received as high as $0.75 per pound, while the average price per pound in Louisiana for 
1994 was $0.31.

While prices are low when sold as sheepshead, this fish is traded under many pseudonyms 
(sea bream, ocean perch, etc.) and is rarely sold in restaurants as itself, but rather as spotted seatrout, 
"fish" or as other regionally acceptable species across the country. The filets are wrapped in 
cheesecloth, boiled in crab seasonings, and used to "stretch" crabmeat, in which form its value may 
exceed $10.00 per pound wholesale.

Since the sheepshead fishery comprises a single component of Louisiana's commercial fishing 
sector, it is important to identify the change in commercial harvesting revenues that would be 
associated with a decline in commercial catches of sheepshead. Overall industry revenues may not 
decline proportionately with declining landings because commercial fishermen can often redirect 
efforts to other species. Thunberg e t  a l .  (1991) concluded that restrictions on red drum harvest led 
to only a moderate decline in revenues from Florida's near-shore fishery because fishermen were able 
to redirect efforts to other near-shore species. They also found the ability to switch to other species 
was geographically dependent. Caution should be exercised when applying these results to Louisiana. 
Furthermore, the ability to redirect commercial effort will become increasingly limited as additional
restrictions are placed on more species.

\
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3.3 Recreational Fishery

3.3.1 Description of Recreational Activities

The Louisiana state record, also the world record, sheepshead, was landed by Wayne J. 
Desselle in April 1982 and weighed 21 lbs., 4 oz. (L.O.W.A. 1989), although Gowanloch (1933) 
stated that 30 lbs. sheepshead have been caught. Sheepshead are not often sought after by saltwater 
anglers, as techniques for catching sheepshead are different than those used in angling for other 
species. Viosca (1954) stated "today, with a greater variety of tackle, new fads in artificial baits, more 
fishing places available, and more fish species to choose from, this art is apparently on the decline, for 
this is one fish that refuses artificial lures of any description. The special art of sheepshead 
fishing...seems to be restricted to a relatively small group of vanishing Americans." Louisiana anglers 
are more likely to catch them in the late fell and winter (Figure 3.7), although larger fish are generally 
caught in the spring (Figure 3.8). Guillory and Hutton (1990) reported that during a creel survey in 
southeastern Louisiana during 1975-1977, sheepshead were more likely to be caught in marsh or bays 
and lakes, as opposed to the beach, passes or the Gulf of Mexico.

Sheepshead are usually caught by hook and line using a small piece of bait, such as shrimp 
and hermit crab. Since their mouths are relatively small but very strong, a small, stout hook works 
best. Sheepshead tend to nibble at the bait with their notched incisor teeth, and the angler must be 
quick to set the hook. They are somewhat of a challenge in that more often than not they will steal 
your bait. Viosca (1954) stated "The sheepshead is essentially a bottom feeder. Sometimes it will 
come up to the surface alongside pilings to graze on barnacles and other attached animal growths, and 
it will even bite near the surface at the oil rigs; but in inland waters your best chance of catching them 
is when fishing near the bottom... You will not find them on plain bottoms, mud or sand. They graze 
chiefly on hard, rough reefs or in the grass like cows."

Typical gear employed by Louisiana fishermen to catch sheepshead is a short, stout rod and 
reel rigged with a small, strong hook. Favored baits include cut crab and shrimp; some use hermit 
crabs* oysters, fiddler crabs, and sand fleas (Viosca 1954). Nearby structure is sometimes scraped 
with a hoe to release broken barnacles into the water; dog food and crushed crabs or shucked oyster 
shells are also used to chum or bait sheepshead.

3.3.2 Trends in Recreational Effort and Harvest

Even after increased efforts of sports writers and magazines to bolster the popularity of 
sheepshead, angler indifference persists. While there is a small group of fishermen who target this 
species, most are inclined to retain sheepshead only if little or nothing else is caught.
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In Texas, 1% of saltwater anglers targeted sheepshead between 1974 and 1987 (Osbum e t  a l .  
1988). The same study also reported that 1986-87 sheepshead landings equaled 1974-76, but 1986-87 
were almost twice 1985-86, though mean fish length and weight declined.

Louisiana recreational landings figures fluctuated widely from 1980 to 1989 (Figure 3.9), 
showing no apparent trends. In 1984, sheepshead made up 4.1% of the recreational catch in 
Louisiana, ranking it sixth in numbers caught (Table 3.3, Adkins e t  a l .  1990). Sheepshead can 
occasionally fill an otherwise empty gap in a poor day's fishing, possibly enhancing the value of that 
experience to the angler. Though more restrictions have been placed on both recreational and 
commercial fishermen, this species has seemingly not increased in desirability or selected targeting by 
recreational anglers from the information available to date.

3.3.3 Economics of the Recreational Fishery

Recreational fishing is a highly diverse activity and has economic value. Participants are 
seeking a recreational experience and are willing to pay more for this activity than it actually costs 
them. Households actually "produce" recreational trips by allocating their time, buying market 
services, and combining these with publicly provided natural resources (McConnell and Strand 1994). 
The value of recreational fishing is variable across individuals and trips. It will depend on many 
conditions-the quality of fishing, the weather, the skill of the angler, etc.

There are two kinds of economic value for recreational fishing. One is the access value to a 
resource. Access pertains both to the overall opportunity for fishing and to the opportunity for fishing 
in specific locations. The value of access is what anglers would pay rather than do without or the 
amount they would accept in compensation for their loss of access. The second kind of economic 
value is the value of catching an additional fish. This is the amount an angler is willing to pay to 
catch more fish, larger fish, or more desirable fish. This amount will depend on many things, such 
as the, species sought, the time when fishing takes place, the mode of fishing, the weather, 
environment, etc.

The estimation of the value of a recreational fishery such as sheepshead will involve the 
measure of species specific effort and the expenses incurred. There have been several studies made 
to collect total numbers of recreational fishermen, percentage of fishermen targeting various species, 
average number of fishing trips per year, and expenditures per trip. Data from these studies have 
been highly variable among studies, even over the same time period. Conclusions drawn from these 
studies should therefore be viewed with caution.
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Recreational fishing effort depends primarily upon the number of fishermen and number of 
trips per fisherman. Individual fishing effort is largely a function of the expenses incurred in the 
activity and the perceived benefits received from the activity. As costs rise and benefits remain the 
same, effort tends to decrease. Costs can increase through increased spending, in relation to other 
leisure activities, or as a fraction of disposable income. Anglers can receive both tangible and 
intangible benefits from fishing activities. Tangible benefits include the number or quality of fish 
caught. Intangible benefits can be enjoyment of the outdoors, change in routine, companionship, etc.

Fishing effort will continue as long as the economic costs are not greater than the angling 
satisfaction (or what economists call utility). Fishing net benefits (satisfaction minus costs) may 
decline due to satiation, declining catch per angler, congestion at favored locations, degradation of 
aesthetic value of trips, or from increased fishing costs.

Direct expenditures per trip for marine recreational anglers in Louisiana were estimated at $53 
(Kelso et al. 1992), $64 (Bertrand 1984), $75 (Kelso et al. 1991), and $133 (Titre et al. 1988). Direct 
expenditures include spending for automotive and boat fuel, lodging, food and drinks, ice, boat launch 
fee, bait, and other expenses directly related to the trip. In addition to trip expenditures, anglers 
purchase equipment (boats, motors, trailers, vehicles) and speciality gear. This equipment is used for 
more than one trip and even over several years. Their cost needs to be allocated over time. Published 
annual estimates of these expenses vary widely depending on what is included: $698 (U.S. Fish and 
Wildlife Service 1993), $824 (Kelso et al. 1991), and $1108 (Kelso et al. 1992).

Bertrand (1984) estimated total annual expenditures by saltwater anglers in Louisiana as 180.6 
million dollars. Estimates can also be calculated from other surveys. From a 1985 survey, the U.S. 
Fish and Wildlife Service (1988) estimated that state residents spent a total of $197 million dollars on 
saltwater fishing expenses, including equipment and trip-related expenses. Nonresident anglers spent 
an estimated $37.6 million in trip-related expenses in Louisiana. To estimate total nonresident 
expenses, nonresident data was adjusted to include equipment expenses in the same proportion as 
resident spending. This yields total saltwater expenses of $210 million. From the next survey in 
1991,.the U.S. Fish and Wildlife Service (1993) estimated expenditures of 158.8 million dollars by 
state residents on saltwater angling. If the ratio of nonresident to resident expenditures is the same as 
in 1985, then the total saltwater fishing expenditures would have been $167.7 million.

Direct expenditures for the fishing trip may be less than the angler would be willing to pay for 
the whole experience. The difference between the costs of the trip and what the angler is willing to 
pay is called consumer's surplus. This is a measure of the value that the angler receives for benefits 
other than the fishing activity. Titre et al. (1988) found that the average recreational user would be 
willing to pay approximately $320 to $360 annually for the right to recreate in Louisiana wetlands 
under certain conditions of harvest, catch, and amenity situations. This $320 to $360 represents an 
estimate of the consumer's surplus and when added to direct expenditures, provides a total economic 
value for an angler's trip.
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Sheq)shead are rarely a primary target species for recreational anglers. In a 1991 survey of 
recreational anglers, Kelso (1992) asked respondents to list their preferred choices of saltwater 
recreational species. Anglers responded with their top three preferences. Combining the three 
choices, sheepshead was targeted less than one percent of the time. Survey results from 1990 
indicated similar conclusions.
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4.0 RESEARCH NEEDS

The following data needs and priority research areas have been identified:

1) Fishery Dependent Data Collection

This includes characterization of commercial gear types utilized, areas fished, size of harvest, 
age of harvest, reproductive data, and other trip specific information not available through standard 
NMFS reporting methods. This information is necessary because it allows more accurate identification 
of the fishery, e.g., extrapolations of catch per effort, water-body specific landings, and length or age 
frequency of the harvest, for stock assessment purposes.

Recent legislation has brought substantial change to the character of the sheepshead 
commercial fishery, as well as other estuarine fisheries, and their associated markets. Close 
monitoring will be necessary in order to react properly and in a timely manner to changes in the 
fisheries as effort and gear are redirected.

Current methods available for monitoring recreational impact and changes are limited. 
Additional surveys of recreational fishermen are needed to improve catch per effort information and 
detect changes in the important recreational species composition by size, age, etc. This would allow 
us to more precisely monitor changes and evaluate existing management measures.

In the presence of changing regulations, fishery-dependent information is not a reliable source 
of data for assessing the status of a fish stock. However, such data are necessary to measure the 
effects of fishing on that stock. Consistent fishery-dependent and fishery-independent data sources, 
in a comprehensive monitoring plan, are essential to understanding the status of fishery stocks, and to 
identifying causes of changes in stock abundances. Present programs should be assessed for adequacy 
with respect to their ability to evaluate stock status, and modified or enhanced to optimize their 
capabilities.

Social and economic information is needed on participants of the sheepshead fishery. 
Information on other fisheries that these sheepshead fishers participate in, processing and marketing 
cost, investment, operating and harvesting costs, could help identify the health of the industry and 
impacts of regulatory changes on participants in the fisheries. In addition, a description of the 
marketing system, product forms and value added estimates by the various marketing sectors is 
needed. . . . . ------
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2) Fishery Independent Data

Fishery independent monitoring provides population structure data rather than harvest 
information. This provides relative abundance, indices of relative year class strengths, and success of 
spawns. It also helps management by targeting segments of sheepshead populations (and other 
species) where life history information is lacking.

Researchers have suggested the need for studies to characterize habitat selection in terms of 
spatial and temporal variation relative to other life history events that influence reproductive success. 
By understanding the habitat selected for spawning, the quantity and quality of suitable habitat and 
other parameters, variation in spawning success could be better understood given specific 
environmental conditions.

3) Tagging

This type of information allows insight to movements and behavior. Additional information 
on ages, growth and maturation is needed to assist in determining the spawning stock biomass. The 
extent of migrations within the range of the species is not known.

4) DNA Electrophoresis

Analysis of genetic samples are needed to determine if different stocks exist, and to examine 
the possible importance of interactions between stocks in different areas of Louisiana or Gulf waters.

5) Age and Growth

Characterization of this species’ ages through use of otolith and various validation techniques 
should be continued and encouraged.
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Source N M F S

D R A FT

Table 3.1 - Louisiana Commercial Finfish Landings ($)

YEAR Sheepshead Red Drum Speckled
Seatrout

Black
Drum

1962 151.500 567,200 308,800 308,900
1963 177,100 465,600 380,400 343,600
1964 138,300 311,700 290,500 306,500
1965 103,600 471,200 398,200 194,700
1966 156,200 531,400 646,600 247,300
1967 170,100 653,900 620,700 264,400
1968 161,300 740,900 619,000 359,900
1969 312.600 782,100 719,600 478,300
1970 224,300 789,200 786,300 434,200
1971 239,400 723,700 1,122,100 505,800
1972 171,781 888,668 1,699,834 539,935
1973 169,503 1,183,789 2,527,023 541,141
1974 136,148 1,436,090 2,124,476 439,844
1975 100,956 1,362,078 1,896,686 275,105
1976 101,734 2,212,439 1,611,205 579,135
1977 132,937 1,435,381 1,083,950 582,969
1978 166,242 1,218,797 682,016 580,207
1979 249,495 1,056,697 798,328 535,993
1980 129,989 724,777 604,255 471,656
1981 129,610 898,585 586,859 288,988
1982 296,758 1,454,583 727,606 1,690,712
1983 543,416 1,938,615 1,340,625 1,858,879
1984 807,188 2,608,383 973,250 1,975,626
1985 719,936 2,933,573 1,161,598 3,421,325
1986 962,698 7,817,694 1,978,038 5,225,976
1987 . 1,917,953 4,571.177 1,801,874 8,020,901
1988 1,848.679 245,365 1,433,408 8,756,913
1989 2,450,139 24,811 1,488,878 4,405,882
1990 2,767,046 2,406 648,645 2,875,627
1991 2,425,138 0 1,220,231 1,914,090
1992 3,063,942 0 971,483 3,014,135
1993 3,763,796 1,884 1,138,070 3,178,195
1994 3,289.426 2,957 1,023,687 3,738,821
1995 3,266,482 0 658,084 2,999,438
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Table 3.3 Number of individuals, percent of catch, and percent of species kept caught by La. 
recreational anglers in 1984. (Adkins e t a l .  1990)

Species %  Catch % Kept

Red Drum ( S c i a e n o p s  o c e l l a t u s ) 19.8 93.7
Sea Catfish { A r i u s  f e l i s ) 19.2 4.7
Spotted Seatrout ( C y n o s c i o n  n e b u l o s u s ) 18.8 86.7
"Silver Seatrout" ( C y n o s c i o n  s p p . ) 12.4 90.8
Atlantic Croaker ( M i c r o p o g o n i a s  u n d u l a t u s ) 6.7 69.1
Sheepshead ( A r c h o s a r g u s  p r o b a t o c e p h a l u s ) 4.1 59.5
Black Drum ( P o g o n i a s  c r o m i s ) 3.3 68.6

D R A FT 33



Fi
gu

re
 1

.1 
- L

ou
isi

an
a'

s 
Co

m
m

er
cia

l S
he

ep
sh

ea
d 

La
nd

in
gs

. 
- 

19
79

-1
98

9 
A

ve
ra

ge
 b

y 
M

on
th

v.:v

I *'/ /'rr » u. ; •' L -C- •

I I

N
(aSMsd r-

l

o
CD

OLO O o
CO

o
CM

•sq| s.puesnoqi
i

So
ur

ce
 N

M
FS



Fi
gu

re
 1

.2
 -

 L
ou

is
ia

na
 C

om
m

er
ci

al
 S

he
ep

sh
ea

d 
La

nd
in

gs
19

72
-1

98
9 

by
 G

ea
r

Ooo
CO

sq| s.puesnom So
ur

ce
 N

M
FS

 
Y

ea
r



Fi
gu

re
 1

.3
 - 

Lo
ui

si
an

a 
R

ec
re

at
io

na
l S

he
ep

sh
ea

d 
La

nd
in

gs
81

-9
5 

To
ta

l b
y 

Y
ea

r

ii sq| s.puesnoLji
i

19
81

 
19

83
 

19
85

 
19

87
 

19
89

 
19

91
 

19
93

 
19

95
19

82
 

19
84

 
19

86
 

19
88

 
19

90
 

19
92

 
19

94
So

ur
ce

 N
M

FS
, 

M
R

FS
S 

Y
E

A
R



Fi
gu

re
 1

.4
 - 

Lo
ui

si
an

a 
C

om
m

er
ci

al
 S

he
ep

sh
ea

d 
La

nd
in

gs

•sq| s.puesnoin

So
ur

ce
 N

M
FS



c•H
c
c<u

<uu
3oV)

TT
Tu

re
 2

 
1 

D
is

tr
ib

ut
io

n 
of

 s
he

ep
,h

ea
d 

al
on

g 
th

e 
co

as
t 

of
 t

he
 G

ul
f 

of
 M

ex
ic

o



Male
Female

F M A M J J A  S O N D J F M A M
1987--------------------------- 1---------1988

TIME

Figure 2.2 The relationship of sheepshead gonosomatic index to time.

So u r c e : t i i 1 son e t  al  . ,  1989



o

Figure 2 . 3  Percent oocyte stage by month from February 1987 through 
June 1988. Stages include: primary growth (P), cotical 
aveolar (CA), vitellogenic (V) and hydrated (H).

Sour c e :  Wi l son e t  a 1 . ,  1989



Figure 2 .4  Monthly length-frequency distributions of 

probatocephalus (From Springer and Woodbum 1960).

Archosargus

S o u r c e :  S p r i n g e r  a n d  W o o d b u r n ,  1 9 6 0
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Source: Higgins and Lord, 1926
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Figure 3.11 Landings of Sheepshead 
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SUMMARY OF CHANGES FROM 1996 ASSESSMENT

This summary provides a quick reference o f substitutive changes in methods or 
corrections in this years assessment from the 1996 assessment conducted for sheepshead.

Section 5.2 Natural Mortality
• The reference to 90% and 99% mortality corresponding to M l%  and MO. 1% described in 

the function by Alagaraja (1984) was incorrect. The correct reference should be 99% and 
99.9%.

Section 5.6 Status of the Stock
• The calculation o f fishery-independent mean catch-per-effort for t r am m el net and seine 

samples was changed from using an arithmetic mean o f positive samples to using a log 
transformed mean o f all samples. The function is described as follows:

Mean CPUE = ( exp ( JTn ( catch +1 ) /  N  )) -1

where, catch is the total number caught in each set and, N is the number o f samples taken 
annually. This method accounts for all samples taken and reduces the impact o f 
occasional large catches on the estimate o f CPUE.
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SHEEPSHEAD

5,0 STOCK ASSESSMENT

This assessment uses yield-per-recruit (YPR), Spawning Potential Ratio (SPR) and catch 
curve analyses to estimate the impact o f  fishing pressure on potential yield and the spawning 
potential o f  the sheepshead stock in Louisiana waters. Estimates derived from YPR and SPR are 
based on information regarding the growth rate and spawning potential o f  the fish, and on 
estimates o f  the natural mortality rate (M) and fishing mortality rate (F) on the stock. 
Catch-curve analysis estimates disappearance rates (Z1) from the fishery based on the relative 
abundance o f each age class in the harvest. The results from this assessment provide a 
generalized approach towards estimating the impact of fishing on the spawning potential and 
potential yield of the fish stock. The spawning biomass of females is assumed to be the factor 
limiting the spawning potential of the stock; therefore, where possible, only data on female 
sheepshead are used. Yield-per-recruit and SPR analysis, as with many other generalized 
assessments, should be used only as a guide until a more comprehensive assessment can be 
conducted.

In developing a stock assessment, the unit stock must be defined. While a unit stock is 
often represented by that portion o f the population which is genetically similar, for our purpose, 
the most applicable definition seems to be one which considers the unit stock as that portion o f 
the population which is either dependent on Louisiana waters, or which is available to Louisiana 
fishermen.

5.1 Growth

Von Bertalanfly growth parameters developed by Wilson et al. (1988) from fish 
harvested in Louisiana were used to calculate length and weight at age for female sheepshead. 
The equations are as follows:

Female L  = 446(l-e '0-367(t+1-025>)
Female Wt = 2556(l-e - o ^ 3231))3

where, L =  length at age t, Wt= weight at age t and t = age in years. Age at length is calculated 
as:

t  = 1.025 + ln(l-IV446)/-0.367

5.2 Natural Mortality
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Natural mortality is one part o f  total mortality (Z) and is the mortality due to all causes 
other than fishing. These include predation, disease, spawning stress, starvation, and old age. 
Typically, natural mortality is estimated, as it is difficult to directly measure, especially on 
exploited fish stocks where natural mortality and fishing mortality occur simultaneously. No 
direct measure o f natural mortality for sheepshead is available; therefore, several established 
estimation procedures were used to  derive an estimate. The procedures are presented below and 
are taken from Sparre and Venema (1992).

Pauly (1980) provides a method o f estimating natural mortality from a set o f parameters 
including the asymptotic length and growth rate o f the fish, and the average water temperature of 
the environment. The growth parameters from the von Bertalanfly growth equation described in 
Section 5.1 and the mean annual water temperature, derived from readings from a set o f  four 
constant recorders located throughout the Barataria Bay system, were used in the calculation. 
The mean water temperature was 22.7°C for the period 1989 - 1992 (pers. comm . M. Kasprzak, 
4/13/92). These values were incorporated into the length-based function o f Pauly (1980):

ln(M) = -0.0152 - 0.279 * ln(L„ ) + 0.6543 * ln(K) + 0.463 * ln(T)

where, ln(M) = natural log o f natural mortality, ln(L„ ) = natural log o f the asymptotic length, 
ln(K) = natural log of the growth coefficient and ln(T) = natural log o f the mean annual 
temperature in degrees Celsius.

Use o f Louisiana data on growth and water temperature applied to Pauly's function results 
in a natural mortality estimate o f M=0.78.

Alagaraja (1984) and Hoenig (1983) provide methods o f estimating M based on the fish’s 
lifespan or longevity, and with the assumption that M=Z. Longevity is also difficult to determine 
for exploited fish stocks, since the age distribution is usually truncated by fishing, but these 
methods are as useful as any in providing provisional estimates of natural mortality. The - 
functions described by Alagaraja (1984) are:

M I%  = -ln(0.01)/Tm 
M0.1% = -ln(0.001)/Tm

where, M l%  and M0.1% are the natural mortality rates corresponding to 99% and 99.9% 
mortality, respectively, given a fish’s lifespan (Tm) in years. Sheepshead in Louisiana have been 
aged to 20- years-old (Wilson et al. 1988). If  it is assumed that 99% or 99.9% o f the fish die by 
age 20 then the corresponding natural mortality rates for M l%  and M0.1% would be 0.2 and 
0.35 respectively.

The function described by Hoenig(1983) is:
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ln(Z) -  1.46 - 1.01 * ln(Tm)

where, when M=Z, longevity (Tm) can be defined as the maximum survival age. I f  we assume 
that the maximum age o f sheepshead has been truncated due to fishing from 25 to 20 years, the 
resulting estimate o f natural mortality, given Tm=25, would be 0.2.

Another method o f estimating M  is described by Rikhter and Efanov (1976) and utilizes 
population age at sexual maturity. The function is:

where, Tm50% is the age at which 50% o f  the population is mature. Age 2 is assumed the age at 
50% maturity for the sheepshead population (Wilson et al. 1988) resulting in an M o f  0.77.

In summary, the estimated rates o f  natural mortality for sheepshead in Louisiana using a 
variety o f estimation procedures are as follow:

5.3 Disappearance Rates and Fishing Mortality

The disappearance rate (Z1) from the fishery comprises the total mortality (natural + 
fishing) and some unknown rate o f decreasing availability o f the fish to the fishery. I f  the 
unknown rate of availability is small or nonexistent, then the disappearance rate will be a 
reasonable estimate o f total mortality. However, if  a large portion o f  the disappearance rate is 
due to fish not being available to the fishery, then assuming Z -Z  will overestimate the impact of 
fishing.

We estimated rates o f disappearance using data from two sources. The first source is the 
commercial data collected through the Trip Interview Program (TIP) for 1994-1996 and the 
second, data from the recreational fishery (NMFS Marine Recreational Fishery Statistics Survey 
1994-1995). Fish were aged by using the growth equation presented in Section 5.1. Fish with 
lengths greater than the asymptotic length were not used in developing catch-at-age and therefore 
not used in estimating disappearance rates. The elimination of these fish reduces the number of 
large fish that are typically older fish used in estimating disappearance and produces a more 
conservative estimate. To calculate disappearance rates, we regressed the natural log o f the 
catch-per-unit-effort against age, beginning with the age at full recruitment to the fishery. This 
method assumes that recruitment is constant and the fishery is in equilibrium. Disappearance 
rates were calculated from the commercial and recreational data by year where length frequency

M = 1.52 l/(Tm50%0-™) - 0.155

Pauly (1980) 
Alagaraja (1984) 
Hoenig (1983)

0.78
0.20 and 0.35 
0.20

Rikhter and Efanov (1976) 0.77
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data was available. The calculated disappearance rates ranged from 0.45 to 0.56 (Figures 5.1A-C 
and 5.2A-B).

Catch-at-age data from the commercial and recreational fishery in 1995 was used to 
derive age-specific selectivities to be used in yield-per-recruit analysis. The method presented in 
Sparre and Venema (1992) was used to develop selectivities. This method uses a linearized 
catch curve to determine the selectivity o f  fish not yet fully recruited to the fishery. The ratio of 
the observed catches to the expected catches at each age is the probability o f  capture or 
selectivity o f the fishery at age. This selection ogive is then regressed in the equation:

ln( 1 /  St- 1 )  = T1 - T2 * t

where, St = the selectivity at age t, and T1 and T2 are constants corresponding to the intercept 
and slope o f the regression. To develop theoretical or estimated selectivities at age the following 
equation is used.

St (estimate) = 1 / ( 1 +  exp( T1 - T2 * t)

Selectivities for ages up to full age-at-recruitment were used to describe the relative fishing 
mortality to that point; for age at full recruitment and older, selectivities are assumed to be 1, or 
100% selected. Selectivities are as follows:

age 0 = 0 
age 1=0.0011 
age 2 = 0.0271 
age 3 = 0.3785 
ages 4 and older = 1.

5.4 Yield-oer-Recruit

Yield-per-recruit and SPR analysis provides basic information about the dynamics o f a 
fish stock by estimating the impact o f mortality on yield and the spawning potential o f the stock. 
The results can be examined as to the sensitivity o f natural and fishing mortality rates on yield 
and spawning potential.

The growth parameters described in Section 5.1, sexual maturity described in Section 5.2 
and the age-specific selectivities described in Section 5.3 were incorporated into the 
yield-per-recruit and spawning potential analysis. Fecundity estimates were not available, 
therefore; mean weight at age was used in the estimation o f spawning potential. Natural 
mortality rates o f  0.2 and 0.3 were used in the analysis because they are on the lower end o f the 
range o f estimates and would provide the most conservative results. These rates are also used to 
describe the sensitivity o f  M  on yield and spawning potential. The results are presented in Table
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5.1, which contains estimates o f Fmax(fishing mortality rate that produces maximum yield), F0.i 
(fishing mortality rate representing 10% o f  the slope at the origin o f a yield-per-recruit curve), 
F i o w s p r  (fishing mortality that produces 20% SPR), F 3o% s p r (fishing mortality that produces 30% 
SPR), and annual estimates o f F from the disappearance rates calculated in Section 5.3.

5.5 Conservation Standards ,

Conservation standards are intended to protect the viability of a fish stock for future 
generations. These standards have historically been based on a number o f biological measures of 
the dynamics o f fish stocks, depending on the availability and adequacy o f data. Conservation 
standards should be separated into two types: a conservation threshold which is entirely 
biologically based and, a conservation target which considers biological measures modified by 
relevant social, economic, and ecological factors. A conservation threshold is a biological 
baseline for the harvest of a fish stock and should not be exceeded. It is the highest level o f 
fishing mortality that will ensure that recruitment overfishing will not occur. Beyond the 
conservation threshold, a conservation target may be set, providing for other management goals 
in the fishery. Such goals may include maximizing yield in weight or numbers of fish, economic 
benefits or profit, employment, or some other measurable goal. These targets should be set at a 
fishing mortality rate below that of the conservation threshold in order to ensure that the 
biological integrity o f the stock is not damaged by fishing.

The spawning potential ratio (SPR) concept described by Goodyear (1989), is a species 
specific value expressed as the ratio o f the spawning stock biomass (or egg production) per 
recruit (SSB/R) in a fished condition to the SSB/R in an unfished condition. The concept is 
based on the premise that below some level o f SPR, recruitment would be expected to be 
reduced. Goodyear (1989), recommends that in the absence o f sufficient data to provide a value 
specific to the stock in question an SPR o f  20% be used as a threshold. Work on North Atlantic 
ground fisheries also resulted in the calculation o f  a threshold SPR o f 20% (Gabriel et al. 1984, 
Gabriel 1985). An SPR o f 20% has been recommended for Spanish and king mackerel in the 
Gulf o f Mexico (National Oceanic and Atmospheric Administration/National Marine Fisheries 
Service 1995), while an SPR o f 8-13% has been demonstrated to be sufficient for gulf menhaden 
(Vaughan 1987). In earlier analyses o f  Louisiana spotted seatrout fisheries (Louisiana 
Department o f  Wildlife and Fisheries 1991), an SPR threshold o f 15% was recommended, based 
on several years o f data. Mace and Sissenwine (1993) examined 90 stocks o f 27 species, and 
reported that the average replacement SPR for all these stocks was 18.7%, while the most 
resilient quarter of the stocks required a maximum o f only 8.6% SPR These authors 
recommended an SPR o f 30% be maintained when there is no other basis for estimating the 
replacement level, as this level was sufficient in maintaining recruitment for 80% o f the stocks 
they examined. However, they noted that 30% may be overly conservative for an "average" 
stock, and reiterated the need for stock-specific evaluations of standards to enhance both safety 
and benefits in the fishery.
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Sufficient information is not available to directly estimate a conservation threshold for 
sheepshead in Louisiana. However, the conservation target o f 30% SPR established by the 1995 
Regular Session of the Louisiana Legislature for black drum, sheepshead, southern flounder, and 
striped mullet appears to be adequate to m aintain the sheepshead stock and prevent recruitment 
overfishing.

The use o f any measure o f  the health o f a fish stock as a perfect index is arguable. It is 
logical to conclude that growth overfishing should occur at a much lower fishing rate than that 
which would threaten recruitment. However, Mace and Sissenwine (1993) provide information 
to suggest that some stocks may have reduced recruitment at levels o f  fishing that would not 
reduce yield-per- recruit. The preferable position for making recommendations on appropriate 
levels o f  fishing for a stock is to base those recommendations on actual measures o f spawning 
stock size and recruitment for both the species and fishery in question. This requires a base of 
information resulting from monitoring o f both the stock and the fishery over a variety of 
conditions. Without this information, conservation standards may either underestimate or 
overestimate the potential o f  a fishery. If  the potential is underestimated, society loses the 
economic and social benefits o f  the harvest. If  the potential is overestimated and the fishery is 
allowed to operate beyond sustainable levels, society loses the benefits o f a sustainable fishery, 
and recovery will require some period o f  rebuilding, when effort must be reduced from the 
non-sustainable levels (Hilbom and Walters, 1993). Some researchers have speculated that 
overharvest o f some stocks may lead to their replacement in the ecosystem by other, often less 
preferred, stocks. The frequency o f  such replacements is unknown, and the cause o f shifts in 
species predominance in an ecosystem are difficult to ascertain, even after the fact. Such a shift 
has been reported in the Georges Bank area, where prolonged, intense harvest o f cod and 
haddock has been implicated in gradual increases in skate and spiny dogfish populations 
(National Oceanic and Atmospheric Administration 1993).

5.6 Status o f the Stock

Sheepshead were lightly exploited until the early to mid-1980s when commercial harvest 
began to increase (Figure 5.3). Commercial landings have gone from 0.2 million pounds in the 
early 1980s to 2.4 - 3.7 million pounds in the early 1990s. Harvest from the recreational fishery 
has remained stable, between 0.4 and 1.3 million pounds, for the years examined (1981-1995), 
and were equal to those o f the commercial fishery until 1987 when the commercial fishery began 
to expand (Figure 5.4). Mean catch-per-trip from the recreational fishery was calculated by 
selecting those trips that had sheepshead in their catch. The results are presented in Figure 5.5 
along with 95% confidence limits around the mean. The catch-per-unit-effort (CPUE) indices 
fluctuated with no indication o f a long-term downward trend. The only statistically significant 
reduction in CPUE occurred in 1986 and 1987, being significantly lower than 1983, 1992, and
1993. Catch-per-effort data from the Departments, fishery-independent trammel net (750' - 1 
5/8" inner, 6" outer wall) and small mesh bag seine (50' -1/4” delta mesh) samples were 
calculated as follows:
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Mean CPUE = ( exp ( £ ln  ( catch +1 ) /  N  )) -1

where, catch is the total number caught in each set and, N is the number o f  samples taken 
annually. Trammel net data were used for the period 1986-1996, and seine data were used for 
the period 1992-1996. Seine and trammel net CPUE fluctuated throughout the time period with 
no indication o f a long-term downward trend (Figure 5.6 and 5.7). With the exception o f the 
1991 CPUE for trammel nets, which was significantly lower than 1996, no other differences 
were found at the 95% confidence level. Although total harvest o f sheepshead has increased 
significantly since the mid-1980s, it has not, at this point, affected CPUE.

Rules for the harvest o f sheepshead changed recently. Commercial harvest methods were 
changed on August 15, 1995 when Act 1316 o f the 1995 Regular Legislative Session, the Marine 
Resources Conservation Act o f 1995, became effective. This act outlawed the use o f "set" gill 
nets or trammel nets in saltwater areas o f Louisiana, and restricted sheepshead harvest by the use 
o f "strike" nets to the period between the third Monday in October and March 1 o f the following 
year. A "Restricted Species Permit" was required in order to harvest sheepshead, and several 
criteria were established in order to qualify for that permit. This set o f regulations had the effect 
o f reducing the harvest of sheepshead by this segment o f the commercial fishing industry.

It should be noted that the following results o f YPR and SPR analysis do not reflect the 
impact o f current regulations described above. With this type o f general assessment, it will take 
several years before the impact o f regulations will be observed in the disappearance rates from 
the fishery. The results do represent the impact of the fishery on the sheepshead stock given the 
fishing pressure existing in 1994 and 1995.

The results o f YPR analysis indicate that if M=0,2 (the most conservative value within 
the range of estimates), the fishery prior to existing regulations was operating at approximately 
Fo.i and well below Fmax with yield o f  77% to 85% of maximum, and SPR at 42% to 50%. An 
M o f 0.3 (the highest value examined) would indicate a more lightly fished stock with yield 
being 47% to 63% o f maximum and with SPR being 61% to 72% (Table 5.1).

Based on our generalized assessment, if M is 0.2, and fishing mortality rates continue at 
1994-1995 levels, then sheepshead would not be harvested at a rate that would drive the stock in 
the long term below the target SPR o f 30% established by the Louisiana Legislature. I f  M is 
higher then 0.2, or regulations implemented since 1995 have effectively reduced fishing 
mortality rates from 1994-1995 levels, then harvest rates would provide SPRs greater then 30%.

5 7 Research and Data Needs

Estimates o f natural mortality used in the present assessment show wide variation. This 
variation reduces the reliability o f the present assessment in providing an accurate prediction of
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the potential yield o f the stock, and also reduces the confidence level o f the present estimate of 
SPR. A  more precise estimate o f natural mortality would assist in both o f these problems.

Annual age-length keys should continue to be developed to provide catch-at-age data 
necessary to conduct age-based population assessments. The department is in the process of 
collecting otoliths for development o f a n n u al age-length keys.

The relationship between wetlands losses or modifications and the continuation o f  fishery 
production within the state has been discussed by many authors. However, this relationship is 
likely to be different for the various fishery species. Understanding o f this relationship for 
sheepshead should be an ongoing priority.

In the presence o f changing regulations, fishery-dependent information is not a reliable 
source of data necessary to assess the status o f a fish stock. However, such data is necessary to 
measure the effects o f fishing on that stock. Consistent fishery-dependent and 
fishery-independent data sources, in a comprehensive monitoring plan, are essential to 
understanding the status o f fishery stocks, and to identifying causes o f changes in stock 
abundance. Present programs should be assessed for adequacy with respect to their ability to 
evaluate stock status, and modified or enhanced to optimize their capabilities.
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Table 5.1 - Results of Yield Per Recruit and SPR Analysis for Sheepshead

M=0.2
F  R a tio Y P R S P R % S P R % Y P R

F m ax  = 2.0000 533.6046 1,076 2 0 5 7 % 100.00%
F0.1  = 0.2954 428.6514 2.435 46.58% 80.33% B enchm arks

F 2 0 %  = 2.1628 534.4601 1,046 20.00% 100.00%
F 3 0 %  = 0.7737 508.8837 13 6 9 30.00% 95.37%

1994 C o m m erc ia l= 0 J 0 3 0 431.7646 2.407 46.04% 80.91%
1995 C o m m e r c ia l 0.2578 411.1336 2 5 8 7 49.49% 77.05%
1996 C o m m erc ia I= 0.2513 407.6973 2.616 (5 0 .0 4 °^ 76.40% E stim ates
994  R e c re a tio n a l= 03631 452.2850 2 3 1 6 ( 4 2 3 9 W — 84776%-
995  R e c re a tio n a l= 0.2578 411.1336 2 5 8 7 49^49%' 77.05%

M=0.3
F  R a tio  Y P R ______ S P R ____ % S P R ____% Y P R

F m ax  = 2.0000 364.2920 794 30.24% 100.00%
F0.1  = 0.4611 283.7750 13 2 5 50.44% 77.90% Benchm arks

F 2 0 %  = 73629 393.5929 525 20.00% 100.00%
F 3 0 %  = 2.0502 365.0539 788 30.00% 100.00%

1994 C o m m e rc ia l- 0.2030 203.0874 1,741 66.30% 55.75%
1995 C o m m erc ia l3 0.1578 176.5549 1,867 71.09% 48.47%
1996 C o m m erc ia l3 0.1513 172.1976 1,887 f 7 1 .8 6 ^ 47.27% E stim ates
9 9 4  R e c re a tio n a l3 0.2631 230.2482 1.607 % I31% 63.20%
995 R e c re a tio n a l3 0.1578 176.5549 1 .867 r ? i  n<f°/^ " 48.47% _ — -------



Figure 5.1 A - Disappearance Rate for Sheeps head
Louisiana Commercial Fishery (1994)
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Figure 5.1 B - Disappearance Rate for Sheepshead
Louisiana Commercial Fishery (1995)

9 10 11 12 13 14 15 16

— O bserved ... Predicted

R e g r e s s i o n  O u t p u t :
C o n s t a n t  7 . 9 1 8 1 3 2
S t d  E r r  o f  Y  E s t  1 .8 E - 1 8
R  S q u a r e d  1
N o .  o f  O b s e r v a t i o n s  1 2
D e g r e e s  o f  F r e e d o m  1 0

X  Coefficient(s)
Std Err o f Coef.

- 0 . 4 5 7 7 5
1 .5 E - 1 9



Figure 5.1 C - Disappearance Rate for Sheepshead
Louisiana Commercial Fishery (1996)
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Figure 5.2A - Disappearance Rate for Sheepshead
Louisiana Recreational Fishery (1994)
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Figure 5.2B - Disappearance Rate for Sheepshead
Louisiana Recreational Fishery (1995)
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F i g u r e  5 .3  -  C o m m e r c i a l  H a r v e s t  o f  S h e e p s h e a d
in L o u is ia n a
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Figure  5 .4  - Lou is iana  C om m ercial and R ecreationa l H arvest
of Sheepshead

4,500

4,000

3,500

<o 3,000

H  2,500

2,000

1,500

1,000

e  Commercial + Recreational _ Combined



F igure  5 .5  - C atch  p er E ffo rt fo r S h eep sh ead  in  L o u is ian a
NMFS Marine Recreational Fishery Statistics Survey
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Figure 5.6 - Catch per Effort for Sheepshead in Seines
Marine Fisheries Division, Monitoring Program
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Figure 5.7 - Catch per Effort for Sheepshead in Tram m el Nets
Marine Fisheries Division, Monitoring Program
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1.0 INTRODUCTION

The black drum, Pogonias cromis, is one species of the 14 genera of the family Sciaenidae 
recorded along the Atlantic and Gulf coasts o f the United States (Chao 1978). The Sciaenidae is 
commonly known as the drum or croaker family, because drumming sounds are produced by many 
of its members, including the black drum. The black drum is the largest member of the croaker 
family found in the region (Hoese and Moore 1977), with adults often exceeding 50 pounds. Chao 
(1978) reviewed the sciaenids of the western North Atlantic, and presented a phytogeny based on 
external morphology and the morphologies of the swim bladder and otoliths. Black drum is the 
accepted common name for Pogonias cromis (Robins et al. 1980). Other common names include 
drum, sea drum, gray drum, banded drum, big drum, corvinon negro (Mexico), and tambour (La. 
French) (Gowanloch 1933, Hoese and Moore 1977).

1.1 Status of the Fishery

The black drum has become one of the most highly sought after commercial frnfish in 
Louisiana. Although its desirability among recreational fishermen may have increased to some 
degree, it still is not a preferred recreational fish.

Gear of the recreational and commercial sectors of the black drum fishery are capable of 
catching from all year classes. Due to current regulations, harvest primarily is concentrated on fish 
two years and older. Black drum of ages from five to 10 years (approximately 8 to 12 pounds) have 
been commercially exploited to a lesser extent than other year classes due to their decreased 
availability to the fishery. Behavioral changes may make these year classes less susceptible to the gear 
and methodology of the commercial fishermen (Ramsey and Wakeman 1989).

Information collected since the 1960's indicates that black drum harvest ranked low among 
recreationally harvested finfish species. In 1984 a Louisiana Department of Wildlife and Fisheries 
(LDWF) survey of marine recreational fishermen in Louisiana indicated that 0.6% of the recreational 
fishing effort was targeted towards black drum and that black drum constituted 3.3% of the total 
recreational catch. Marine Recreational Fishery Statistics Survey (MRFSS) data suggests that from 
1980 to 1994 the percentages of recreational fishermen targeting drums ranged from 0.1% to 2.3%. 
In Louisiana these fishermen harvested an average of 390,264 black drum annually from 1980 through
1994.

During the 1980's the commercial black drum fishery underwent a period of rapid expansion 
due to a number of factors including increased participation in commercial fishing in general, better 
marketability of large black drum, a rise in the demand for finfish as a food source, and increased 
regulation of the harvest of other finfish. Louisiana commercial landings averaged 3,871,800 pounds 
annually from 1980 through 1989. In 1987 and 1988 commercial black drum landings exceeded those 
o f all other finfish landed in Louisiana excluding menhaden and yellowfin tuna. Regulations were
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established in 1989 and 1990, including conservation standards and commercial quotas. In 1989 the 
commercial black drum landings showed a decline for the first time, to 1986 levels. 1990 through 
1994 landings increased slightly and averaged 2,944,000 pounds annually; but 1994 black drum 
landings slipped to fourth place behind tuna, the expanded mullet fishery, and menhaden. In 1995 
landings began to decrease, and preliminary 1996 figures indicate a further decline to pre- 1980's 
levels.

Recent commercial regulations have decreased Louisiana black drum landings through reduced 
seasons for use of netting gear, reduced harvest of adult drum in shrimp trawls through use of turtle 
excluder devices (TED's), etc. Resultant changes in effort, fishing location, and gear will determine 
future commercial landings within established conservation standards and within existing regulations 
that define quotas and possession limits.
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2.1 Taxonomy and Nomenclature

The classification follows that of Greenwood et al. (1966). Taxa above superorder are not 
included.

Superorder: Acanthopterygii 
Order: Perciformes 

Suborder: Percoidei 
Family: Sciaenidae 

Genus: Pogonias 
Species: cromis

The valid name for the black drum is Pogonias cromis (Linnaeus). The following synonymy 
is abbreviated from Jordan and Evermann (1896).

Labrus cromis, Linnaeus, 1766
Labrus chromis, Schopf, 1788
Pogonias fasciatus, Lacepede, 1802
Mugil grumiens, Mitchill, 1814
Mugil gigas, Mitchill, 1814
Sciaenajusca, Mitchill, 1815
Sciaena gigas, Mitchill, 1815
Labrus grumiens, Mitchill, 1815
Pogonias chromis, Cuvier and Valenciennes, 1830

2.2 Distribution and Abundance

Black drum are found along the western Atlantic coast from the Bay of Fundy, Nova Scotia, 
southward into the Gulf of Mexico and south to Argentina (Gilhen 1986). They are common from 
New Jersey southward, more common from Chesapeake Bay to the mouth of the Rio Grande, and are 
most abundant in the Gulf of Mexico along the Texas and Louisiana coasts in both state waters and 
the federal Exclusive Economic Zone (EEZ) (Welsh and Breder 1923, Silverman 1979, National 
Marine Fisheries Service (NMFS) landing statistics).

Black drum are common coastwide in all of Louisiana’s estuarine and offshore waters at 
various times of the year. East of the Mississippi River black drum are more abundant, and large 
drum can be found inshore, from March through September. Large black drum can be found offshore 
during fall and winter months. West of the Mississippi, both large and small drum are more available 
November through March (Pearce 1989).
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2.3 Stock Identification

The black drum ranges throughout the coastal and estuarine waters o f Louisiana, and there is 
little evidence to suggest separate stocks gulfwide, though regional differences may be present. 
Ramsey and Wakeman (1989) analyzed black drum taken from gulfwide samples, from both inshore 
and offshore areas, for 21 protein systems. These showed that populations in the eastern Gulf of 
Mexico had a very low degree of variability, the lowest reported for any sciaenid fish. Allele 
frequencies and cluster analyses of the Texas populations did show strong separation from the eastern 
Gulf and may indicate a separate genetic stock. Gold et al. (1994) checked gulfwide samples for 
genetic variation using mitochondrial DNA (mtDNA). They also found that black drum populations 
tested had "little evidence of phylogeographic structuring... and are not strongly differentiated 
genetically." Gold et al. (1994) noted that black drum from neighboring localities had greater 
variation than red drum (Sciaenops ocellatus) (indicating less frequent interestuarine migration than 
red drum); and that black drum from their western Gulf samples had two haplotypes that differed 
from the central and eastern Gulf samples, revealing an "isolation-by-distance effect."

2.4 Morphology

2.4.1 Eggs

Black drum egg morphology is typical of the sciaenids making it difficult to distinguish their 
eggs from others of the family (Joseph et al. 1964) (Figure 4, D-G). They described the buoyant 
eggs as having a size (converted from ocular units) ranging from 0.816 to 1.020 millimeters (mm), 
with a mean diameter of 0.928 mm, with 2 to 6 oil globules (average 2 to 3), coalescing to a single 
globule prior to hatching. Daniel and Graves (1994) indicated that the only methods to positively 
identify congeneric sciaenid eggs to species are to raise them or use electrophoresis. Daniel and 
Graves (1994) and Holt et al. (1988) narrowed Joseph's ranges for black drum egg diameters to 
> 0 .90  mm and averaging 1 mm.

The morphology of black drum eggs was described by Joseph et al. (1964) from collections 
of wild-caught eggs in the Chesapeake Bay area. These authors also provided a description of black 
drum larvae hatched from the egg up 8.0 mm total length (TL). Pearson (1929) described larval black 
drum from Texas collections from 4.5 mm to adult sizes, and Jannke (1971) illustrated 3.5 and 5.5 
mm specimens. Powles and Slender (1978) provided descriptions and morphometry of a small 
collection of 3.9 to 4.6 mm drum larvae.

2.4.2 Larvae

Larvae from cultured eggs ranged from 1.9 to 2.4 mm TL, and from 0.7 to 0.8 mm in depth 
at hatching; their yolk became exhausted after the fourth day at sizes o f approximately 3.0 mm 
(Joseph et al. 1964) (Figure 2). Larvae less than 2.0 mm TL have a continuous frnfold which is
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deepest behind the vent, the dorsal extending almost around the snout. The anus is located just behind 
the yolk sac. Pigmentation consists of small indistinct melanophores on the head and sides of the 
abdomen, behind the vent, and along the dorsal and ventral margins of the mid-caudal region. At 
approximately 2.8 mm TL (two days after hatching) the finfold is still large and pectoral fin buds are 
present; pigmentation on the head and trunk is more complete, and there are two large branching 
melanophores on the ventral and dorsal margins of the mid-caudal region. At about 4.5 mm TL two 
groups of branching melanophores appear on the tail, one slightly posterior to and above the vent, the 
other at the base of the anal fin bud. When about 5.5 mm TL three weak spines are present on the 
preopercle; caudal, dorsal, and anal fins are generally differentiated; and Pearson (1929) noted, six 
anal rays are usually discernible at this time, separating the species from related ones.

2.4.3 Juveniles

The full compliment of rays is present at 8 mm. Melanophores appear dorsally and laterally 
in groups which begin to form the five or six vertical black bars which remain until the adult size is 
reached. At 12 mm TL fins are ftilly developed. By 13-14 mm TL the melanophores have coalesced 
to form the vertical bars. At 15 mm TL young drum have assumed the general adult shape, and 
acquired 11 of the mandibular barbels characteristic of the adults. Scales begin to form posteriorly 
along the lateral line. All fins, with the exception of the dorsal, are unpigmented (Pearson 1929, 
Joseph et al. 1964, Silverman 1979). Fish at 22 mm are fully scaled and 17 barbels are present 
(Thomas 1971) (Figure 2).

2.4.4 Adults

The following description of the black drum adult is compiled from Jordan and Evermann 
(1898), Hildebrand and Schroeder (1928), Simmons and Breuer (1962), Miller and Jorgenson (1973), 
Richards (1973), Chao (1976), Chao (pers. comm, to G. D. Johnson cited in Johnson 1978), and 
Johnson (1978):

One deeply divided dorsal fin, the first part with 10 spines, the second with 1 spine 
and 19-23 segmented rays; anal fin with 2 spines and 5-7 rays; caudal with 9 dorsal and 8 
ventral primary rays, 8-9 dorsal and 8 ventral procurrent rays; ventral fins with 1 spine and 5 
rays; scales 41-45 in a lateral series; 10 trunk and 14 caudal vertebrae; 4-6 dorsal and 12-16 
ventral gill rakers; 7 branchiostegals. Preopercular margin smooth. Teeth in jaws small, set 
in broad bands, none especially enlarged; no teeth on vomer, palatines or tongue; lower 
pharyngeals large, completely united, with many blunt molars at the middle and surrounded 
by strong conical teeth (Figure 3??).

Body oblong, moderately compressed, back much elevated; ventral outline nearly 
straight, head moderately short, snout blunt; mouth horizontal, inferior, lower jaw included; 
maxillary scarcely reaching below middle of eye; chin with 5 pores and 12 to 13 pairs of 
barbels along inner edges of lower jaw, the series usually extending back to below middle of
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eye. Scales firm, ctenoid. Dorsal fin continuous, with a deep notch between the spinous and 
soft portions; dorsal spines stiff and slender, the third longest; anal fm short, the second spine 
much enlarged; caudal fm subtruncate; pectoral fins about as long as head. Body proportions 
as follows: head 2.9-3.4, depth 2.3-2.8, pectoral fin 3.3-3.6 in standard length; snout 2.S-3.7, 
eye 2.8-3.9, interorbital 3.0-4.0, maxillary 2.5-3.3 in head.

Pigmentation: Color in life blackish with brassy luster, dark above; grayish white 
below, all fins dusky or black. Color varies somewhat with habitat; in Gulf of Mexico almost 
uniformly silvery, lose crossbars early; in bays and lagoons darker, often bronze along back 
and dirty white on sides and belly.

2.5 Reproduction

Black drum ova undergo a maturation process during which four distinct stages can be 
discerned: primary growth (PG), cortical alveolar (CA), vitellogenic (V), and hydrated (H).
Histological examinations of black drum ovarian tissues and descriptions of each maturation stage are 
described by Fitzhugh et al. (1987) and Parker et al. (1988).

Recent aging techniques explain apparent conflicts in historical age at maturity estimates. 
Previously, based on scale and length frequency studies, Pearson (1929) and Simmons and Breuer 
(1962) determined that black drum mature at age two. Current evidence indicates that most black 
drum mature sexually between four and five years of age; the most commonly accepted first age at 
sexual maturity is four years. Using aging analyses of otolith annuli, Nieland and Wilson (1993) 
reported the earliest occurrence of vitellogenesis for females and presence of milt in males to be age 
three among Louisiana black drum.

Fitzhugh et al. (1987) state that male and female drum mature sexually at between 600 and 
640 mm (23.6 and 25.2 in.) as defined by the size at which 50% of individuals exhibit gonadogenesis. 
Murphy and Taylor (1989) found that in drum from Florida's Atlantic coast >50%  of males and 
females matured at 590 mm TL (age 4 or 5) and 650 mm TL (age 5 or 6), respectively. Nieland and 
Wilson (1993) also noted a smaller size at maturation for male drum in samples from the northern 
Gulf of Mexico. Males matured (> 50% ) at age 4, 610-620 mm fork length (PL) and females 
(=100%) at age 5, 640-649 mm FL.

Black drum are group synchronous, batch spawners (Wallace and Selman 1981) in which two 
populations of oocytes in ovarian tissues can be distinguished during the spawning season: a 
synchronous population of late stage oocytes comprising the leading clutch, and a population of 
smaller less mature oocytes (Fitzhugh et al. 1987, Parker et al. 1988). The result is a bimodal 
distribution of oocyte maturation stages within the ovary. Pearson (1929) estimated a 1000 mm (39.4 
in.) female taken from Texas waters to contain nearly 6 million eggs averaging 0.6 mm in diameter. 
Fitzhugh et al. (1987), using direct counts of hydrated oocytes, reported a batch fecundity range of 
0.7 million to 3.8 million ova for females taken in the 1986-1987 spawning season. Extrapolating this
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fecundity and an individual spawning frequency of seven days over a 16 week spawning season 
yielded a seasonal fecundity range of 11-60 million ova. Using similar protocol on 23 gravid females 
captured during the 1987-1988 spawning season, Parker et a l  (1988) estimated mean black drum 
fecundity as 2,764 hydrated oocytes/gm ovary (range 1,587 - 4,085) or 1.35 million ova per batch 
(range 0.2 -6 .1  million). Extrapolation of these data yielded a seasonal fecundity of over 40 million 
ova per female for the 1988 spawning season. Fitzhugh et al. (1993) computed batch fecundity at 1.6 
million eggs for the average sized female with hydrated oocytes (6.1 kg eviscerated weight) taken in 
1986 and 1987. Nieland and Wilson (1993) estimated averages of 1.22, 1.65, and 1.21 million ova 
for years 1988, 1989, and 1990 respectively. Factors such as nutritional state and environment, may 
be important in variation in the batch fecundity rate (Nieland and Wilson 1993).

Spawning frequency, or the number of days between individual successive spawns, was 
calculated by Fitzhugh et al. (1987) as approximately seven days using postovulatory follicles (POF) 
and hydrated ova as indicating recent or imminent spawning. Parker et al. (1988), using the POF 
method of Hunter and Macewicz (1985), determined that the spawning frequency for the 1987-1988 
season was approximately every 3.5 days. Thus, extrapolated over a probable four month spawning 
season, a single female black drum may spawn 20-30 times per season. Fitzhugh et al. (1993), and 
Nieland and Wilson (1993), also found evidence of spawning intervals of 3 to 4 days.

Relationships between black drum fecundities and length, mass, and age are still poorly 
understood, though Nieland and Wilson (1993) found positive correlations. They noted that 
eviscerated body weight was the best predictor of batch fecundity within seasons. Their data also 
indicated no sign of senescence.

Conflicting reports of the black drum spawning season in the Gulf of Mexico have been 
reported in the literature. Pearson (1929) stated that black drum in Texas waters spawn principally 
from February to May, but may also undergo a secondary spawn from late July to November. 
Simmons and Breuer (1962) found ripe females from December through June, but remarked that the 
majority of spawning in Texas occurred in February and March with a secondary peak of spawning 
activity in May or June. A more recent study of black drum in Texas (Cody et al. 1985) stated that 
spawning occurs from November through April with a peak of activity occurring in January to April. 
Jannke (1971) reported a November to March spawning season for black drum in the Florida 
Everglades. Murphy and Taylor (1989) reported that spawning occurred from January through April 
on Florida's northeast coast. Peters and McMichael (1990) found spawning drum from November 
through May. Larvae were captured in coastal Louisiana waters in several plankton collections from 
December through April (Ditty 1986). It was noted by Leard et al. (1993) that spawning seasons 
were longer in more southern localities.

Histological examinations of ovarian tissues have been used to define spawning season of black 
drum in Louisiana waters (Fitzhugh et al. 1987, Parker et al. 1988, Fitzhugh et al. 1993, Nieland and 
Wilson 1993). Over the period 1987-1990, early stage maturing oocytes (CA) were found in late 
October to early November samples (Figure 5). By December of each year later stage vitellogenic 
oocytes were common indicating imminent spawning. Postovulatory follicles (POF), definitive
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evidence of recent spawning, were first detected in mid-February 1987 and mid-January 1988. 
Females with hydrated oocytes sampled in early December 1988 would account for the occurrence of 
larval black drum in Louisiana waters during this season as reported by Ditty (1986). The end of the 
spawning season, as indicated by late stage atresia (reabsorption) of yolked oocytes, is May. No 
evidence of a secondary peak in spawning activity has been observed in Louisiana waters.

Increases in both female and male gonosomatic indices (GSIs) correspond to the late autumn 
increase in oocyte maturation and further serve to delineate the black drum spawning season (Fitzhugh 
et al. 1987, Parker et al. 1988, Nieland and Wilson 1993). Mean GSIs for both sexes show 
precipitous increases beginning late October to mid-November, peaking in March. A return to near 
resting levels is noted by May. Data from 1987 to 1990 indicate that GSIs in both sexes displays a 
single annual peak (Figure 6).

In Louisiana, ripe black drum were found at water temperatures of 15-25 °C (60.8-77.0°F) 
from January to May (Fontenot and Rogillio 1970, Saucier and Baltz 1993).

A review of literature sources (Pearson 1929, Simmons and Breuer 1962, Jannke 1971, 
Osbum and Matlock 1984, Fitzhugh et al. 1987, Parker et al. 1988, Saucier and Baltz 1993) indicate 
black drum utilize both inshore and offshore environments for spawning, often in or near passes and 
channels.

Diel timing of spawning is thought to be near dusk based on drumming behavior and the 
developmental stages of eggs in ichthyoplankton samples (Mok and Gilmore 1983, Holt et al. 1985, 
Fitzhugh et al. 1987, Saucier and Baltz 1993). Generally, spawning occurs in early evening, one to 
two hours after sunset (Holt et al. 1985, Saucier and Baltz 1993), from November through May, 
peaking in February and March according to these researchers. They found drum to spawn 
predominantly in shallow Gulf waters and the nearby passes, and channels between barrier islands. 
Spawning occurred during certain average physical conditions: water depth 9.2 m, salinity 18 to 27 
parts per.thousand (ppt), water temperature 20.8°C, current velocity 34.0 cm/s, dissolved oxygen 
(DO) 12.3 mg/1 (Saucier and Baltz 1993). Larvae move inland and young develop inshore. The 
spawning ritual if any, has not been documented. Saucier and Baltz (1993) noted peak spawning 
occurring at new and full moon phases when eggs would be transported seaward.

Fitzhugh et al. (1993) found a divergence in sex ratio for fish from commercial gears used in 
inshore versus offshore waters, primarily during reproductive periods, suggesting a segregation of 
sexes at that time.

While migrating, the black drum make a drumming sound which is audible from a boat 
(Pearson 1929). Thomas(1971) indicated that female drum are also capable o f producing sounds. 
Chao (1976) reports that a drumming muscle is present in both males and females, however the 
females drum in a softer tone than males.
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Saucier and Baltz (1993) found positive correlations of drumming fishes' school size and 
dissolved oxygen, temperature, and water velocity. Simmons and Breuer (1962) reported black drum 
schools occur where preferred food is abundant. It has further been noted that black drum form 
schools prior to spawning only to disperse after spawning (Silverman 1979). During reproductive 
periods the ratio of male to female drum increased offshore (Fitzhugh and Beckman 1987). Render 
and Parker (1987) found large black drum schools off the Louisiana coast from late summer through 
spring. However, decreased catches made by the northern Gulf purse seine fishery for black drum 
indicate that schools may disperse during the winter months and perhaps, move to near-shore 
spawning areas.

2.6 Age and Growth

Pearson (1929) and Simmons (1957) have reported lengths at age for black drum from Texas 
waters. Pearson (1929) used length-frequency analysis to report modal lengths of 250 mm (9.8 in.) 
and 370 mm (14.6 in.) at the end of the first two years. Other year classes could not be discerned due 
to overlap within year classes. Scales were used to age fish up to four years, after which calcification 
made them unreadable. Simmons (1957) reported lengths of 225 mm (8.9 in.) and 285 mm (11.2 in.) 
at the end of the first two years. Simmons and Breuer (1962) reported, based on tag recaptures, that 
black drum reached a length of 210-250 mm (8.3-9.S in.) in one year, 290-330 mm (11.4-13.0 in.) in 
two years, and 400-430 mm (15.7-16.9 in.) in three years. Murphy and Taylor (1989) found an 
average growth rate of 100 mm per year for ages one to three, and 10-30 mm per year for fish 15 
through 20 years.

Matlock et al. (1993) found the scale method for aging black drum up to four years is also 
valid and more cost effective than otolith ageing. Richards (1973) reported age and growth rates for 
black drum from Virginia waters using scales, time sequential sampling of juveniles, and computer 
extrapolation. Scales were reported as unreadable after approximately seven years of age. Richards' 
age estimation using black drum scales has not been validated . Using length-age and weight-age 
curves, Richards (1973) postulated maximum ages for black drum of 35 years or more. Matlock
(1990) reported average maximum total lengths and age in Texas waters at 1000-1200 mm TL and 
13 plus years, respectively. Murphy and Taylor (1989) estimated a maximum of 58 years based on 
otolith annuli from Florida's northeast coast.

A standard length (SL) - total length (TL) relationship obtained for Louisiana black drum 
ranging from 44 to 1061 mm (1.7 to 41.8 in.) TL by Hein et al. (1980) was: SL = 0.8331 TL - 
8.6854 (n=749, r=0.999). The length-weight (W) relationship computed was Log W =  2.971 Log 
TL - 4.8176 (n=750, r=0.989). Beckman et al. (1988) obtained a fork length (FL) - weight 
relationship for black drum from 180 to 1180 mm (7.1 to 46.5 in.) FL of: Log W  =  3.05 Log FL - 
4.943 (n=2259, r2=0.97). Geaghan and Garson (in Leard et al. 1993) modified Beckman's log 
formula for converting FL to TL:

TL =  0.03743*FL10265
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Von Bertalanffy growth models have been obtained for black drum tagged and recaptured 
from inshore Texas waters by Doerzbacher et al. (1988). Growth models were fit by excluding the 
coldest 120 days o f the year, and growth parameters obtained were: K =  0.219 (SE =  0.027), and 
L . =  798 (SE =  42) mm.

Beckman et al. (1988) validated age estimates for black drum from inshore and offshore 
Louisiana waters using otolith sections. Maximum age reported was 43 years. An initial rapid 
growth rate was observed for black drum until approximately four years of age (630 mm EL). 
Growth rate of older fish decreased, although, significant growth in length and weight continued to 
maximum ages sampled. The transition in growth occurred at an age which corresponded to age at 
maturity for black drum. Separate von Bertalanffy growth models were fit for each of these growth 
stages. Growth parameters for primarily immature fish were: K =  .0884, I* =  1745, (, =  -1.140, 
and for primarily mature fish: K =  .0110, L, =  1745, =  -36.68. Growth parameters for a single
von Bertalanffy growth curve fit to all ages of black drum were: K =  0.0540, % =  -12.6, and 
L„=988.8, however, this model did not describe the growth of immature black drum very well 
(Beckman et al. 1990). It was noted that due to the extreme variability in age at given sizes, length 
or weight could not be used to accurately estimate age of mature fish.

Geaghan and Garson (1989, unpublished) developed a modification of the von Bertalanffy 
growth equation, a sloped asymptote model. Geaghan's modification consists of redefining L from a 
single constant to one which increases as a linear function of age:

— B0 + B j . t
where B0 and B, are the intercept and slope of the regression of L, on t. Substituting into the von 
Bertalanffy equation the model obtained is:

4 =  (B 0 + B1 . t ) ( l - e k(t-,o)).

The resulting equation, when fitted to data of Beckman et al. (1988, unpublished) provided an 
exceptionally good fit (Figure 7). Estimates of length at age based on this function are illustrated in 
Tables 2.1 and 2.2 . The specific equation fit is of the form:

4 =  (610.0  +  9.959. t )  (1  -e°<2W-o.i229)y

Geaghan and Garson (in Leard et al. 1993) preferred the Gompertz, sloped asymptote model:

w ( i 0 + 6 , ) e •A /

Beckman (1989) reported age distributions for the harvested black drum population, noting 
ages ranging from one to 36 years, and unexplained dominant age classes occurring every four to five
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years.

2.7 Movements/Migrations

Larvae and small black drum tend to travel inland with incoming tides. Thomas and Smith 
(1973) noted that young drum entered a ditch accessible to them only on a flood tide. They 
hypothesized that the young were responding to higher temperatures and chemical clues from the 
marsh water flowing out of the ditch: "In earlier collections most young drum taken along the beach 
were near the outflow of the ditch, indicating a positive response to marsh water." Simmons and 
Breuer (1962) also noted that there is a temporary surge towards fresh water. Thomas (1971) 
indicated that as the black drum grew, larger individuals would generally begin to move first.

Peters and McMichael (1990) noted 150 - 200 mm SL juvenile drum moved in the fall from 
shallow, muddy-bottomed areas of Tampa Bay into open waters o f river mouths, bays, passes and 
nearshore Gulf.

Juvenile or adult black drum are present in Louisiana estuaries year-round, with an apparent 
increase in numbers inshore during May through July east of the Mississippi River according to 
commercial landings catch per effort data reported by Bane et at. (1985).

Fontenot and Rogillio (1970) recorded peak catch per effort from trammel net samples for the 
years 1960 through 1968 in the Biloxi Marsh Complex from April through August, with a lesser peak 
in December.

Inshore, commercial gill net fishermen in southeast Louisiana reported decreased fishing effort 
in late fall and winter for black drum due to migration of these fish from Lake Pontchartrain and Lake 
Borgne to offshore waters and an increase in availability of red drum (H. Pearce, pers. comm.). 
Through 1987 black drum landed during cooler months were primarily harvested by purse-seine 
vessels fishing in waters greater than three miles offshore (NMFS landing statistics). An aerial survey 
was conducted in 1987 to characterize distribution of red drum (Lohoefener et at. 1988). This survey 
also found large schools of black drum located offshore, often associated with cownose rays 
(Rhinoptera bonasus), either mixed with or following foraging schools, and to a lesser extent 
associated with red drum and crevalle jacks (Caranx hippos). The schools sighted ranged in 
(estimated) size from 5,000 - 100,000 pounds, with most schools estimated at 20,000 - 60,000 
pounds (Ren Lohoefener pers. corr. 1989).

Though Rogillio (1982) reported a tagged black drum had traveled 103 km (64 miles) 
eastward, most stay in a general location for extended periods. Osbum and Matlock (1984) found 
that from a group of 68 drum tagged at one site, three were recaptured approximately two months 
afterwards, and three almost five months later. All were recaptured within 2 km (1.2 miles) of the 
tagging site.
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According to Osbum and Matlock (1984) black drum are common throughout Texas bays. 
They noted substantial intrabay movements, suspected to be induced by the drum's constant search for 
sessile molluscan foods, and little interbay movements. From tagging studies utilizing fish 210-510 
mm (8.3-20.0 in.) TL, they reported few fish returned to the bay tagging location from Gulf waters. 
Almost half of the tagged black drum (44%) recaptured moved more than 10 km (6.2 miles). O f the 
fish which left the bay where originally tagged, 75% were recaptured in adjacent bays. Recaptures in 
the Gulf of Mexico only accounted for 1 % of all returns. Five of six returns in the Gulf had moved 
in excess of 30 km (18.6 miles) and two had moved great distances of 204 and 241 km(127 and 150 
miles). Four of the six had been released within 15 km (9.3 miles) of a bay to Gulf pass.

Osbum and Matlock (1984) stated large black drum reside principally in Gulf waters. Cody, 
Rice, and Bryan (1985) caught drum 505-1000 mm (19.9-39.4 in.) TL in the Gulf of Mexico at 
depths from 5-37 m (16.4-121.4 ft) from October to April. They caught none in the summer but 
suggested that higher metabolic rates allowed the fish to escape the gear. Ross et al. (1983) captured 
black drum 221-991 mm (8.7-39.0 in.) TL each month of the year except July and October while 
working in Texas coastal waters. The black drum were found to a depth of 27 m (88.6 ft) from 
January through March, being less common from July through November.

Saucier and Baltz (1993) observed highest frequencies of large spawning aggregations of black 
drum in and near passes west of the Mississippi River from January through April. Their data 
indicated strong positive correlations with dissolved oxygen levels (>  9.6 mg per liter). They found 
correlations with temperature and current velocities; the range of several physical parameters were 
noted in which aggregations of various numbers gathered (see 2.10).

Adults evidently enter bays from mid to late April and leave during early June, probably for 
spawning purposes (Thomas and Smith 1973). Richards (1973) reported that black drum school 
during the April-June spawning run and that they dispersed throughout Chesapeake Bay after 
spawning. Young-of-the-year could be caught in the fall during an apparent mass emigration, 
responding to a decrease in water temperature.

Adult black drum have been reported to school occasionally to feed where food is plentiful, 
and spawning schools have been noted. It was also noted that in 1953 most bivalves were destroyed 
in upper Laguna Madre causing a mass exodus of black drum (Simmons and Breuer 1962).

2.8 Pathology/Parasitology

In certain samples of formalin fixed ovarian drum tissues, bacterial infections were found 
(Nieland and Wilson 1995). These were characterized as "...large (8-10 um), gram-positive rods." 
Initially, the report o f this infection raised concerns that it could affect reproductive capacity of the 
affected fish. Since that first report, it has been concluded that these infections were artifacts of poor 
tissue preservation based on evidence such as: the site of infection was primarily in the central core of
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the ovaries, incidence of infection was proportional to ovary mass, and when strict preservation 
techniques were adhered to the incidence of infection was drastically reduced.

The internal parasite most commonly found in large black drum is the tapeworm larvae 
Poecilancistrium sp.. Though these are not harmful to humans (the adult stage occurs in the stomach 
of certain species of shark) they are removed during processing as they are unappetizing and further 
reduce the marketability of large drum. Overstreet (1977) found Poecilancistrium caryophyllum and 
Pseudogrillotia pleistacantha in large black drum.

Silverman (1979) reported that, "Ectoparasites are fairly common on black drum. They 
include the copepods: Caligus repax Milne Edwards, C. bonito Wilson, C. latifrons Wilson, C. 
pelamydis Kroyder, and C. haemulonis Wilson. The isopod Nirocila acuminata Schioedte and 
Neinert was taken from black drum by Bere (1936) and Simmons and Breuer (1962); and Thomas 
(1971) found Livonica ovalis on fish collected in Delaware. They probably are the cause of damage 
to the gill filaments and gill covers of some fish."

Henderson-Arzapalo et al. (1994) reported mild infestations of the branchiuran parasite 
Argulus sp. on eight inch, pond raised black drum, and further noted heavier infestations on black 
drum x red drum hybrids.

2.9 Food Habits/Trophic Relations

Black drum feed during daylight hours and at night, but feeding is less intensive in early 
morning hours (Thomas 1971). While feeding, black drum occasionally dredge the bottom, creating 
turbid plumes in the water column which are often easily visible from the air, enabling spotter planes 
to locate large schools. In shallow waters their fins are often visible above the surface, "headstanding" 
or "flagging" while feeding (Pearson 1929, Darnell 1958, Dugas 1986).

Studies of black drum nutrition have indicated that its diet varies depending on the age and size 
of the individual. Dugas (1986) reported results from a stomach analysis of black drum in and near 
Barataria Bay, Louisiana. Using five size class divisions, he found that for juveniles less than 100 
mm (3.9 in.) TL, 36.9% of the stomachs contained arthropods with about half of these crustaceans 
and half insects. Mollusks composed 17.9%, all of which were pelecypods. Dwarf surf clams, 
Mulinia lateralis, were found in 9.5% of the stomachs, and 1.2% contained the oyster, Crassostrea 
virginica. Annelids were observed in 15.5% of stomachs divided almost evenly between oligochaetes 
and polychaetes. Only 11.9% of the stomachs contained fish.

In fish of 201-300 mm (7.9-11.8 in.), 50% of the stomachs contained arthropods, most of 
which were crustaceans. Mollusks were found in 22.2% of the stomachs, all o f which were 
pelecypods. M. lateralis, Donax variabilis, and Amygdalum sagittatum each comprised 5.6% of the 
total number. Annelids were recorded in 27.8% of the examined stomachs, with most being 
polychaetes; 19.4% contained fish.
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In the 301-400 mm (11.9-15.7 in.) TL drum, 68% of stomachs contained arthropods, mostly 
Crustacea. Mollusks were found in 45.5 % of the stomachs, significantly more than the size classes of 
less than 300 mm TL. Also significant is the 4.5% of stomachs that contained oysters. M. lateralis 
increased to 9.1% and only 4.5% contained annelids, all of which were polychaetes. Fish were in 
31.8% of the stomachs.

In the greater than 400 mm (15.7 in.) TL size class, 46.7% of the stomachs contained 
arthropods, predominantly cmstacea. There was a four fold increase (to 16.7%) in the frequency of 
oysters found in stomachs, and Mulinia sp. remained about the same at 10.0%. Annelids (all 
polychaetes) and fish comprised 10% and 26.7% of stomach contents, respectively.

Generally, arthropods were dominant in all size groups except those larger than the 400 mm 
size class, where an equal number of mollusks were found. The frequency of mollusks increased 
throughout the fishes' size range. Pearson (1929) found a similar increase, and a decrease in the 
frequency of crustaceans with a steady rise in mollusk percentages for black drum 80-990 mm TL. 
Arthropods in small black drum stomachs were relatively small and soft bodied. In fish less than 100 
mm (3.9 in.), insects (Family Corixidae) almost equaled the frequency of crustaceans. The frequency 
of shrimp and large crabs (portunids) increased with increasing fish size.

Mulinia lateralis occurred at about the same percentage in all size groups of fish. This clam 
is very common in all black drum habitats except the beach where it is replaced by Donax variabilis 
(Dugas 1986). Pearson (1929) and Breuer (1957) found that black drum ate mostly Mulinia sp. along 
the Texas coast.

Darnell (1958) found that 65% of black drum stomachs contained mollusks, predominantly the 
clam Rangia cuneata in Lake Pontchartrain, Louisiana. The mud crab Rithropanopeus harrisii made 
up 12% of the black drum stomach contents. Other field observations, coupled with the stomach 
content data led Darnell (1958) to conclude that R, cuneata is the staple food of black drum greater 
than 100 mm TL in Lake Pontchartrain. Darnell (1958) also reported that he had indirect evidence, 
from field observations of shell fragments in the buccal cavity, that black drum were capable o f eating 
larger hard shelled mollusks. Pearson (1929) correlated food with the environment in which the fish 
feeds, noting that black drum are most abundant in shallow muddy lagoons where pelecypods 
(specifically Mulinia) are common.

Dugas (1986) observed oysters as the dominant mollusk in the stomachs of 700-900 mm (27.6-
35.4 in.) size fish caught in an area heavily used for oyster culture. However, only two smaller fish 
contained oyster shells, and these were believed to be ingested incidently while feeding. Simmons and 
Breuer (1962) found the mussel Brachiodontes exustus and no oysters in the stomachs of drum 
observed feeding on or near oyster reefs in Baffin Bay and Laguna Madre, Texas.

Annelids, predominantly polychaetes, were the most common in the smallest three size groups 
of fish. Pearson (1929) also found a high incidence of polychaetes in black drum 80-200 mm (3.1-7.9 
in.).
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Dugas (1986) concluded from his study and other data that black drum are opportunistic 
feeders. The diversity of food types found are illustrated as follows: Gunter (1945), Copano and 
Aransas Bays, Texas - crustaceans (amphipods and blue crabs); Pearson (1929), Corpus Christi, and 
Breuer (1957), Baffin Bay and Laguna Madre - M. lateralis', Kemp (1949) and Miles (1949), Aransas 
Bay, Texas - shrimp; Darnell (1958), Lake Pontchartrain, Louisiana - Rangia cuneata; Fontenot and 
Rogillio (1970), Biloxi Marsh, Louisiana - R. cuneata, oysters, and crustaceans; Overstreet and Heard 
(1982), Mississippi Sound - hooked mussel (Ischadium recurvum).

Dugas (1986) concluded that the differences in feeding habits between his study and others 
were due to: 1) spatial and temporal distribution o f prey species, and 2) size of black drum examined. 
Captured 400-600 mm (15.7-23.6 in.) TL drum were observed eating 25-50 mm oysters and smaller 
black drum were believed to eat soft-bodied insects and polychaetes, fish, and fragile shelled mollusks 
such as Mulinia sp. Cave (1978) reported that adult black drum up to 900 mm (35.4 in.) TL ate 
oysters 25-75 mm and larger drum ate oysters from 25-115mm.

Part of the reason for changes in diet from smaller to larger size black drum is the 
development of pharyngeal teeth and associated musculature which allows larger fish to crush heavy 
shells of oysters and other strong shelled mollusks (Figure 8). According to Cave (1978) the ability of 
the drum to fit the oyster within the pharyngeal teeth is the limiting factor to what size they will 
consume. Additionally he found that drum greater than 300mm can consume an average of one oyster 
per pound of body weight per day.

Cate and Evans (1994) found evidence that, with minimal population estimates, black drum 
from Texas waters are responsible for processing in excess of one million kg of shell material 
annually (including gastropods and bivalves). They were unable to find any characteristic abrasions, 
dissolution, or markings on shell material due to drum predation/digestion, and noted a lack of any 
alteration other than fragmentation. It was also noted that though transport of shell material by such 
a mobile molluscan predator would be expected, very little evidence of this could be found. Most 
drum stomachs contained only materials found at the locations where they were captured.

Oyster fishermen have long reported black drum predation on oysters and have employed 
several methods to prevent this, such as: hanging dead drum from poles on the reef, setting gill nets, 
building fences to prevent entry, beating the water with poles, and using gas hazing cannon to scare 
the drum. These efforts have met with limited success. The small seed oysters, single oysters, and 
oysters which have been stressed are noted to be most susceptible to drum predation.

Adult black drum have very few competitors in other fish but must compete with the oyster 
drill (Thais haemostoma) and other molluscan predators for their principal food source. While not 
much information on the black drum's competitor/predator relationship exists, they are known to feed 
on smaller fish, crabs, and shrimp and they compete with other organisms that do the same. As adults 
their principal food source is mollusks, therefore they have few competitors in other fishes.
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Once they reach maturity, they have no known predators other than man. As juveniles and 
larvae they may fall prey to any number and variety of predators. Various authors (Cowan et al. 
1992, Saucier and Baltz 1993) give evidence that ctenophore and various hydromedusae predation can 
be a significant factor in egg and early larval drum survival.

2.10 Habitat Requirements

Pearson (1929) indicated that most of the black drum population along the Texas coast was in 
small shallow, muddy bays such as Oso and Nueces Bays. Fox and Mock (1968) collected black 
drum from Barataria Bay in shallow, turbid water having shore vegetation (Spartina) to the water's 
edge with shell reefs on a fine silt bottom. Black drum have been taken at offshore depths of 48.8 m 
(160 ft), but not at 100 m (328 ft) (Ross et al. 1983). This may indicate a preference for shallower 
waters, A though gear avoidance may have precluded capture at depth.

Spawning areas, in deeper water offshore, or in bays and channels are occupied in late fall and 
winter with 90% of the spawning occurring in February and March (Simmons and Breuer 1962, 
Beckman et al. 1988, Parker et al. 1988, Fitzhugh and Beckman 1987). According to Beckman et al. 
(1988) black drum evidently do not enter into the offshore spawning population until maturity (4-6 
years of age). Because this age group was essentially missing from collection efforts throughout the 
Gulf region, Ramsey and Wakeman (1989) suggest that fish in this age group may either inhabit 
unsampled habitats or be dispersed prior to entering the offshore spawning population (and not 
recruited to the sampling gear).

Black drum are most abundant in shallow muddy lagoons where pelecypods are abundant 
(Pearson 1929). Simmons and Breuer (1962) intimated that movement and location of black drum in 
Texas bays was determined mostly by adverse conditions (lack of food) and that when food was 
abundant there was little intra- or inter-bay movement. However, Thompson and Fitzhugh (1985) 
noted that prior to 1981 the black drum landings "peaks and valleys" coincided with high and low 
salinities.

In the Delaware Bay region small individuals enter the upper estuaries in early June and 
congregate in still waters of creeks and ditches. In late June, when about 30-50 mm (1.2-2.0 in.), 
they begin moving out of these shallow areas, and by August young are evenly distributed in the river 
systems. They start entering the bays by early September (Thomas and Smith 1973).

Juvenile black drum are usually located in areas of low current velocity or little tidal influence, 
such as creeks, ditches, channels, stagnant sloughs, and boat basins. They prefer nutrient rich marsh 
situations near muddy bottoms and occasionally near sand and gravel bottoms (Thomas 1971, 
Richards 1973, Peters and McMichael 1990). Thomas and Smith (1973) found young black drum in 
salinities of 0-28 ppt, but suggested that factors such as bottom type, current, and temperature are 
more critical in determining habitat of the young than salinity.
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Slightly larger black drum are found in open waters, bays, and lagoons. They prefer habitats 
such as Laguna Madre and Baffin Bay which are utilized by all year classes of black drum (Simmons 
and Breuer 1962).

The most common species captured with young drum (less than 50 mm) in the marshes of the 
Delaware River system (salinity 0-6 ppt) were Fundulus heteroclitus and Morone americana (Thomas 
and Smith 1973). According to Frisbie (1961) fishes associated with juvenile black drum, greater 
than 100 mm in the Chesapeake Bay area, were a few euryhaline freshwater forms and the rest were 
euryhaline estuarine species, including: Ictalums nebulosus, Notropis hudsonius amarus, Lepomis sp., 
Morone americana, Morone saxatilis, Anchoa mitchilli, Menidia beryllina, Apeltes quadracus, 
Cyprinodon variegatus, Fundulus heteroclitus, and Gobiosoma sp.

From LDWF bag seine samples of drum from 73 to 390 mm (taken 1985 through 1990) the 
most commonly associated species in order of relative occurrence were: Brevoortia patronus, 
Anchoa mitchilli, Micropogonias undulatus, Sphoeroides parvus, Menidia beryllina, Arius felis, 
Leiostomus xanthurus, Cynoscion arenarius, Mugil cephalus, Membras martinica, Cynoscion 
nebulosus, Citharichthys spilopterus, Lagodon rhomboides, and Fundulus grandis.

Adults, as previously noted, are often associated offshore with cownose rays, crevalle jacks, 
red drum, and pompano (Lohoefener, pers. comm.).

2.11 Environmental Tolerances

Black drum are often found in hypersaline waters but are considered euryhaline because they can 
quickly adapt to a wide range of salinities (Simmons and Breuer 1962). LDWF fishery independent 
net samples (1985 through 1990) found juvenile drum in inshore waters at salinities ranging from 0.0 
to 35.9 ppt, and temperatures from 7 to 38°C.

Adults have been taken from areas that exhibit a broad range of physicochemical traits. 
Barrett et al. (1978) collected black drum 160-870 mm (6.3-34.3 in.) TL from the Timbalier Island 
area and offshore with ranges of salinity at 0.7-20.7 ppt, temperature at 8.6-31.5°C (47.5-88.7 °F), 
and dissolved oxygen at 5.2-11.8 mg/1. Samples (1978 through 1989) associated with LDW F's 
Louisiana Offshore Oil Port (LOOP) monitoring program found juveniles in salinities from 0.8 to
33.8 ppt, and adults at 21.1 to 36.7 ppt.

In developing spawning suitability indices, Saucier and Baltz (1993) found several positive 
correlations of physical conditions and spawning aggregations of drum: dissolved oxygen (DO) from
9.6 to 13.8 mg/I (=  parts per million) (no drumming was observed below 9.6 mg/1); salinities from
10.0 to 27.0 ppt (no drumming was observed below 10 ppt); temperatures from 15.0 to 24.0,C (no 
drumming was observed below 15 or above 24°C); current velocities from 2.0 to 70.0 cm/sec (the 
velocity suitability increased as current velocity increased); and, water depth ranges from 1.2 to 48.8 
m (most observations occurred from 4 to 10 m).
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Black drum have been found in salinities ranging from 0 to 80 ppt. Many adults found in 
salinities of 80 ppt had glazed eyes, or were blinded, and some had lesions on their bodies (Simmons 
and Breuer 1962). Simmons and Breuer (1962) noted that adults are commonly found in ranges of
25-50 ppt. Gunter (1945) caught black drum of various sizes in Texas bays in salinity ranges o f 2.6 
to 34.9 ppt and found them to be most abundant between 10.0 to 15.0 ppt. In coastal Louisiana, from 
April 1968 through March 1969, black drum were caught from salinities of 0.2 to 24.9 ppt; the size 
range of these fish was 45-370 mm (Ferret et al. 1971).

Fontenot and Rogillio (1970) reported no correlation of salinities to sampling success but peak 
catches were observed in salinities of 15 to 20 ppt. Rogillio (1975) noted that they had little effect on 
black drum, and Frisbie (1961) found no evident correlation between size of fish and salinity. Black 
drum have been observed in water temperatures ranging from 3 to 35 °C (37.4-95.0 °F).

Frisbie (1961) reported an observation by T. H. Bean (1902) that a low water temperature of
3.3 °C (37.9 °F) killed young black drum in captivity. Simmons and Breuer (1962) reported a freeze 
in 1951 killed more black drum than trout and red drum, but the black drum populations apparently 
recovered much more rapidly. They also observed that after a sudden decrease in water temperature 
(to 3.0 °C in Laguna Madre) black drum moved to deeper water. However, according to Pearson 
(1929), black drum are extremely hesitant to move from shallow intercoastal waters of Texas; as a 
result, drastic decreases in water temperature often result in great mortalities.

After the passage of Hurricane Andrew in August, 1992 about 27,000 (mainly adult) black 
drum were found dead in the path of the hurricane, on Point au Fer Island, Louisiana. They were 
part of a multi-species kill that involved an estimated 9.4 million fish, mainly Gulf menhaden, Atlantic 
croaker, and striped mullet. The cause of this kill was never specifically identified, but the location 
implied some association with the passage of the storm, perhaps interacting with hypoxic offshore 
waters (LDWF, unpublished 1992).

Black drum are not adversely affected by turbid waters, though Rogillio (1975) noted larger 
catches in lower turbidities. Simmons and Breuer (1962) observed black drum apparently thriving in 
turbid water only four inches deep where the temperature was 35 °C (95.0 °F).

Thomas (1971) caught black drum while oxygen was 3.4 parts per million, temperature 35.2 
°C (95.4° F), and salinity 25 ppt. He also noted oxygen ranging from 4.5 to 10.5 ppm with 
temperatures 21.5-28.5 °C (70.7-83.3 °F), and salinities 0-6 ppt, where he caught several young black 
drum (mean lengths 10.1-36.8 mm TL).
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3.0 DESCRIPTION OF THE FISHERY

3.1 History of Exploitation

There is little documentation of the earliest recreational activities directed toward black drum. 
Pearson (1929) in describing the drum's affinity for shallow waters stated, "It has been said that in 
past years farmers were accustomed to chase the large 10 to 40 pound drum over the shallow mud 
flats with pitchforks, such chase, of course, furnishing a considerable amount of thrill as well as fish."

Historical information and recent creel census show that black drum are not a primary target 
species among recreational fishermen. This is evident in the NMFS, MRFSS records listing the stated 
target species of groups of recreational anglers in the Gulf of Mexico covering all modes (Table 3.1).

Black drum have been sold commercially for at least 100 years. A U.S. Bureau of Fisheries 
report on Texas fisheries indicates landings of 50,400 pounds of black drum in 1897 and indicates that 
commercial landings records for drum predated this by stating that drum landings had risen from 
"...almost nothing in 1889 to second place in 1923" (Higgins and Lord 1926). The earliest records 
encountered for the Gulf states are a compilation of records dating from 1908, 1917 and 1919 by 
Welsh and Breder (1923) combining catches of Gulf and Atlantic states for red drum and black drum. 
These data indicate a total landing of 7,231,778 pounds with a dockside value of 280,484 dollars, an 

average of 3.9 cents per pound. Though there were some number of black drum landed during the 
1800's, the Louisiana black drum fishery existed largely as by-catch and secondary to the red drum 
segment of the industry. Even through the early 1970's, most fishermen would only target black 
drum when red drum were not available. In addition, only small and medium black drum were of any 
historical commercial value, the large fish's flesh being too coarse and often carrying parasites 
(Russell, unpublished ms 1989).

The first commercial records of black drum in Louisiana are from 1923, with Pearson (1929) 
reporting 60,000 pounds having a value of 2,000 dollars or 3.3 cents per pound. By 1929 Fiedler 
(1930) reported 266,367 pounds valued at 15,565 dollars or 5.8 cents per pound caught by fishermen 
using haul seines, trammel nets and trot- or hand-lines (Table 3.2).

3.1.1 Economics

Black Drum are economically important to the State of Louisiana and its residents as well as 
other Gulf Coast States. They provide income directly and indirectly from commercial and 
recreational activities. In both fisheries the economics have been largely interwoven with activities 
targeting other fish species, notably as bycatch o f the red drum and spotted seatrout fisheries. A 
larger percentage of commercial fishermen than recreational fin-fisherman target black drum.
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Due to the lack of specific economic and market data relative to Louisiana’s estuarine 
fisheries, specifically black drum, direct comparisons of commercial and recreational fisheries 
economics can not be made. There are also differences in the methods of assigning value to 
recreational and commercial fisheries that preclude comparisons of their dollar values.

Recreational values are usually reported as dollars from the retail level and dollars spent are 
considered as disposable income that may be redirected into other leisure activities. Commercial 
values are usually placed on the catch as dockside value which represent dollars to the fishermen at the 
producer level.

The actual economic value of these respective fisheries must include additional dollars of 
value added through further tangible and less tangible considerations. Some of these additional value 
adding steps are processing, packaging and shipping of commercial catches, increasing values of 
goods to'the ultimate consumer or user from the manufacturer to wholesaler and retailer levels, and 
the value'placed by the individual on the enjoyment of the recreational, commercial, consumptive and 
non consumptive activity. Attempts to quantify these additional values beyond the market price or 
actual expenditures are made by using willingness-to-pay estimates.

3.2 Commercial Fishery

The black drum fishery in Louisiana can be separated into small drum, and adult or "bull
drum" (> 2 7  inches), components. Inshore fisheries can be subdivided into fisheries targeting three
distinct size groups of the black drum: generally, 2 - 5  lbs. (small or "puppy"), 6 - 1 0  lbs.(medium),
and 10 plus lbs. (large or "bull"). These fish are sized and sold in different value groups with both
intrastate and interstate markets. The inshore fishery generally operates coastwide and targets all
marketable size drum. In the adult fishery, which had operated largely east of the Mississippi River,
90% plus of the catch consisted of large drum targeted during the spring and summer months by haul
seines and strike-gill nets. Significant numbers of large drum had also been caught offshore, during
winter months, by trawlers, 

v

3.2.1 Description of Fishing Activities

In Louisiana and adjacent waters a number of different methods have been used to capture 
black drum commercially: gill nets, otter trawls, haul seines, trammel nets, trot-lines, hand-lines, and 
purse seines.

Gill nets have been the primary method of black drum capture (Table 3.3) and are generally 
used inshore. Gill nets are of two major types: "strike-nets" and "set-nets". Strike-nets have been 
used to target “bull” drum, by deploying the net to surround large schools, sometimes overlapping 
nets of other fishermen to a total length o f 10,800 feet (Russell et al. 1986). When the net is used in 
this fashion it's capture range is not as size selective. In the past, such strike-nets had sometimes been
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directed by spotter plane. Strike fishing is also practiced when targeting smaller “puppy” drum. 
Typically, these operations are single vessel operations, using nets up to 1,200 feet long, operating in 
both open-water areas and smaller lakes and bays. When properly used by experienced fishermen this 
method can be the most selective of any commercial finfish gear.

The set-net, another common gear, has been employed by staking several nets, usually 
between 200-300 feet long, out from the shoreline. Fishermen also submerged large lengths of net 
anchored out over night away from shore. 1984 legislation prohibited the use of unattended nets. 
Set-nets are the most size-selective gear available. Various mesh sized gill nets have been used year 
round to catch different size drum. Osbum and Matlock (1984) reported stretched mesh sizes and 
corresponding average lengths (TL) of black drum captured: 3"- 250 mm (9.8 in.); 4 n- 330 mm (13.0 
in.); 5"- 415 mm(16.3 in.); 6"- 490 mm (19.3 in.); and nets with meshes 6" to 7" caught black drum 
445-545 mm (17.5-21.5 in.). Fitzhugh and Beckman (1987) noted that 6" stretched mesh is most 
commonly used, but as large black drum become more marketable, fishermen shift to larger mesh, up 
to 9", and catch fish 600-950 mm (23.6-37.4 in.).

Vessels used to employ gill nets are of a wide range in type and capacity; from one man skiffs 
of lengths less than 20 feet which can transport a few hundred pounds to large hulls exceeding 40 feet 
and transporting over 15,000 pounds. The average vessel approaches 30 feet in length, the smaller 
vessels are generally used for set-nets. Some operations use large ice/slush boats which are capable 
of transporting thousands of pounds of drum.

The otter trawl, a gear generally used for shrimping, is now one of the primary gears used to 
target black drum. When used to target fish, trawls are typically made of larger mesh webbing than 
when used for shrimping, to reduce drag of the gear in the water. This gear has been responsible for 
a large percentage of bull drum landed in winter months, particularly west of the Mississippi River, 
in years when shrimping was poor. East of the River, trawlers have landed drum mostly from June 
through December. In addition, large black drum had been caught as shrimp bycatch, though 
numbers have been significantly reduced with the use of TED’s. Fitzhugh and Beckman (1987) 
observed a high size selectivity for large drum with this gear, catching black drum in a range from 
422-960 mm (average 29 inches) which could be due to the offshore fishing locations. Trawl vessels 
used in catching black drum are generally large offshore boats from 30 to 70 feet long, capable of 
towing several trawls and transporting in excess of 100,000 pounds of black drum.

Haul seines were often used inshore and in near shore waters, to surround schools of large 
drum, and are most efficiently used in conjunction with spotter planes. This gear was responsible for 
a majority of the Louisiana landings of bull drum from the late 80's up to the restrictions on 
entanglement nets. They were the most efficient gear type for catching large numbers of drum inshore, 
as it does not require the time consuming process of removing tangled fish, one at a time, from the 
net. Haul seines, however, are capable o f capturing any marketable size black drum due to their 
relatively small mesh size. This gear was not usually used in summer months west of the Mississippi 
River. The fishermen using this gear, in addition to their net boats have often employed ice-slush
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transport boats or barges capable of transporting to 150,000 pounds. These barges often collect fish 
from several vessels to transport them to a dock. Currently this gear is used only in federal waters.

Trammel nets are an inshore gear consisting of three layers of net panels grouped together in 
a sandwich-like fashion. The inner panel being smaller, the outer panels are large enough to allow the 
inner to be pushed through it causing a pocketing effect or tangling individual fish. Trammel nets 
have not generally been used in summer months. Vessels using this gear are of small to moderate 
capacities, usually from 20-30 feet in length.

Purse seines were once a prominent gear in the offshore commercial fishery (Table 3.3). 
Purse seine permits for use in Louisiana waters were not available after 1986 (except for herring-like 
species). Though purse seines were allowed in Louisiana waters through most of 1981, this gear was 
not exploited by Louisiana fishermen largely because the large "bull" drum had no local markets at 
the time.]" They have since declined in popularity due to the EEZ red drum closure, the fluctuating 
market for bull drum, and the fact that Louisiana special permits for restricted inshore use of this gear 
are no longer available. Purse seines are used offshore to surround large numbers of fish. A purse- 
line in the bottom of the net is tightened in a draw string fashion giving the net a bowl shape from 
which the captured drum are scooped out with large dip nets. When purse seines were no longer a 
legal gear in state waters, strike gill nets and haul seines became more popular. The vessels which 
operated purse seines targeting drum were large, ranging upwards from 40 to 90 feet. These vessels 
could catch and transport in excess of 80,000 pounds of drum per trip and some up to 300,000 
pounds. These vessels had crews from three to seven people and also used smaller boats to assist in 
setting the net and in maintaining the position of the larger vessel.

Hand-lines, longlines, and trotlines have been used sporadically in Louisiana's black drum 
fishery, though they have historically been used as a primary gear in Texas (Leard et al. 1993).

Trotlines consist of a common horizontal line anchored at the ends at the desired fishing 
location, with hooks hung along it's length at various depths. While attempting to mimic the Texas 
commercial trotline fishery that was targeting primarily black drum, McEachron et. al.(1988) set 
hooks near the surface and bottom in the upper and lower Laguna Madre. O f the total fish caught 
(4,324), black drum represented the third most common species (7.7%), red drum the second 
(23.4%), and sea catfish the most common (60.8%), during their 1985 study. They demonstrated that 
incidental catch of red drum can be reduced by positioning trotline baits on the water bottom: the 
average number per line hour decreased from 0.209 nearer the surface to 0.047 on the bottom.

Hand-lines are not staked out as trotlines are, but also result in a very broad range of capture 
sizes. These gear when used in targeting black drum are most often used from small boats with 
limited capacities and one or two men crews.

The number of gill net licenses issued indicates a maximum number of fishermen using this 
gear; however, this does not directly indicate the number of fishermen targeting black drum, as many 
land drum incidentally as by-catch, and on a seasonal basis using various gear (Fig. 9). According to
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Pearce et al. (unpublished ms 1989), there were approximately 350 commercial fishermen statewide 
who targeted black drum.

In 1989, quotas paired with size limits were established, requiring adult or "bull" drum be 
caught only by permit in the commercial fishery. The average number of fishermen issued permits to 
catch black drum > 27  inches 1990/91 to 1995/96 has been 120 (range: 115 to 165). As of this 
writing the 1996/97 permitees total 77.

In 1992 the licensing regulations were changed so that salt water gill nets were licensed 
separately allowing any number of salt water gill nets to be used per licensee.

With Act 1316 of the 1995 legislative session, entanglement nets (gill nets, seines, and 
trammel nets) were banned in salt waters of Louisiana. Special gear permits and licenses established 
in this act allow for limited use of these gear for catching black drum seasonally, until March 1, 1997. 
Commercial fishing under these restrictions is not allowed at night or on weekends.

A commercial rod and reel license, that was also created by Act 1316, may be used in order 
to catch black drum. This license, like the aforementioned permits, can only be obtained after certain 
strict criteria are met. Specifics can be obtained through the LDWF Commercial License Section, 
LDWF Enforcement Division, or LDWF Marine Fisheries Division.

3.2.2 Effort and Harvest

The commercial black drum landings in the Gulf of Mexico fishery have fluctuated from 
approximately 1 to 2 million pounds per year from 1923 to 1978, averaging 1.7 million pounds. A 
low of 729,000 lbs. occurred in 1940, and the high for that period was 2,821,000 in 1978. Landings 
have increased steadily from that point to 1988 totals of approximately 10.5 million pounds. While 
most Gulf States' black drum landings have remained relatively stable, those of Louisiana and 
Mississippi have greatly increased through the '80s then declined again to a Gulf low of 2.1 million 
pounds in 1991 (Figure 1).

Historical landings of black drum in Louisiana, which were relatively low through the 
1950's, began to increase through the 1960’s possibly due to the introduction of the monofilament gill 
net (Russell, unpublished ms 1989) (Table 3.2, Figure 1). Figure 10 illustrates Louisiana's 
geographical commercial landings trends from eastern and western areas from years 1989-1995. The 
majority of landings through the 1970's occurred in central Louisiana coastal parishes west of the 
Mississippi River. In the late 1970's, the drum fisheries began a more rapid expansion due to greater 
public demand for fishery products, a corresponding increase in dockside price, and an increase in 
local processing ability. As the fish became more popular in the 1980's there were concurrent 
landings increases further westward. The market for the large drums developed during late 1980 
when fishermen landed large amounts of black drum taken incidental to other fishing operations. 
Non-resident purse seiners had discovered a market in Africa for the product and began to take
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advantage of this opportunity. Soon New Orleans area seafood dealers followed suit (Leard et al. 
1993, Russell unpublished ms. 1989). East o f the Mississippi River landings increased dramatically 
as regional fish dealers developed red and black drum markets which included the bull drums for the 
first time.

Before the EEZ red drum closure and Louisiana's commercial moratorium on red drum in 
1987 black drum had been sold in lower volumes than the more preferred red drum. The rise in 
popularity of red drum through the 1980's created a demand that was met, in part, by using very large 
red drum processed as filets. These same markets would occasionally use black drum, a cheaper but 
slightly less popular substitute. However, once the moratorium was in place the market shifted 
largely to black drum. At first only conventional commercial gear was used to capture fish to 
accommodate this market. Fishermen then found that they could use spotter planes to easily locate 
very large schools of bull drum which could subsequently be captured with haul seines or modified 
gill nets. Larger vessels using haul seines and carrying an ice slush could catch and/or transport large 
amounts of black drum providing a fresher product essentially on the fish dealer's demand. 
Unfortunately fishermen also discovered that occasional large landings or groups of large landings of 
drum were capable of flooding the market and depressing prices. Operators of smaller vessels 
claimed they were being driven out of the fishery. This was amplified by more large vessel fishermen 
and new dealers attempting to enter the drum markets. Spotter planes were subsequently restricted to 
use in the menhaden industry; this regulation met with only limited success at restoring the more 
historical fishery.

Louisiana accounted for 8.8 million pounds of the record 1988 Gulf landings of 10.5 
million pounds (Tables 3.2 & 3.3). Landings figures have since fluctuated: declining from 1989 to 
1991 (1.9 million pounds), then increased to 1994 (3.7 million pounds), and declined again to the 
current 1996 landings (approx. 1.2 million pounds, the lowest figure since the 1970's). Possible 
causes were suggested: 1) less fishing incentive in EEZ (in conjunction with the red drum 
moratorium); 2) fishermen were redirecting efforts to other species such as mullet and sheepshead; 3) 
"softer" markets driving down prices for small drum, and demand for bull drum declining as the red 
drum jvere no longer available (Harlon Pearce pers. comm. 1989); 4) overfishing in certain 
geographic areas (Russell et al. 1987) and 5) regulatory changes. The percent component of bull 
drum in these landings figures has also fluctuated, decreasing from 60% in the 1990/91 season to 24% 
in the 1993/94 but then upward again to 47% of the 1995/96 season landings (Figure 11). Some of 
this latest trend may be due to market adjustments and fishing effort shifts based on regulation changes 
at the time.

3.2.3 Mariculture

Aquaculture does not seem economically practical at this time due to the black drum's 
availability to the commercial fishermen and the recent focus on red drum. Richards (1973) noted the 
black drum’s adaptability to a wide range of situations, its quick growth and the high value of fish 1-5 
pounds. This may warrant further investigation by interested parties.
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Marcello and Strawn (1972) experimented with cage culture of small marine fishes 
including black drum. Two drum were maintained in cages for 233 days in the intake canal of a 
steam-electric generating station in Galveston Bay, Texas. The feed used was Purina trout chow 
(40% protein) with a pellet size of 7 mm x 5 mm. The amount of supplemental food was 3% or 5% 
of total weight in a cage. Both percentages were used at different times. The fish were fed once 
daily, 6 days per week. Toward the end of the experiment, after the December 1971 growth 
sampling, the black drum did not receive supplemental feed. The average length and weight increased 
about 78 mm and 436 g and the relative growth in average weight was 186.3%.

Keney and Zein-Eldin (1986), and Henderson-Arzapalo et al. (1994) indicated that drum 
could be suitable for mariculture. Henderson-Arzapalo et al. (1994) in a 1984 mariculture trial 
artificially crossed a black drum female (BD¥) x red drum male (RDo*), and a RD¥ x BDti" to 
achieve a fertilization rate of 79.2% and 0 % respectively. Black drum, red drum, and hybrids were 
all simultaneously cultured for 9 months in order to make comparisons. The hybrid was found to 
have similar flavor, and the faster growth rate of the three groups (3,000 fmgerlings grown out over 
230 days). Averages at harvest of weight, length, and production for each group were, hybrid: 190 
g, 245 mm, and 10.7 kg/ha/day; black drum: 144 g, 214 mm, 10.6 kg/ha/d; and red drum: 142 g, 
236 mm, 7.0 kg/ha/d. Black drum had higher survival rates (94 to 72 %) than the hybrid but a lower 
mean food conversion rate. External parasites were more of a problem on the hybrids; they noted a 
susceptibility to parasitic copepods and Argulus sp..

3 .2 .4  E conom ics o f  C om m ercial F ishing

An economic analysis of a commercial fishery will involve dockside values. However, 
using only dockside values will not measure the total benefit of the fishery to society. Commercial 
fishermen may accept lower financial returns and more uncertain benefits to remain within their 
occupation. There may be other non-monetaiy values the fisherman receives, such as more freedom, 
the aesthetic setting, wildlife seen while fishing, etc. Dockside values will not completely capture this 
value.

The total benefit to consumers of black drum is greater than a dockside price. Total 
benefits to consumers include the dockside price, any value added, and the willingness of some 
consumers to pay more than the market price. Value added is any processing or preparation of the 
fish. Some consumers would be willing to pay more for black drum than the market price because 
they derive more satisfaction from its consumption. The total benefits to the Louisiana economy 
would include all these items.

Information on annual landings, dockside values, prices and regional share o f a fishery are 
useful in trend analysis and serves as an indicator of how a particular fishery is performing. 
Economic data associated with Louisiana's commercial landings of black drum for the 1970-95 period 
is contained in Table 3.5.
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Commercial landings (harvest) of black drum in Louisiana increased from 434 thousand 
pounds in 1970 to over 2.9 million pounds in 1995. In 1988, the largest recorded annual Louisiana 
black drum harvest was over 8.7 million pounds.

Much of the initial increase in Louisiana's black drum landings during the 1970 to 1994 
period occurred in the 1980's and was linked to the increased popularity of red drum (S. Russel 
unpublished data 1989). Black drum was considered an excellent substitute for red drum and was 
touted for it's similarity in taste and texture to red drum. Other factors which may have attributed to 
changes in the historical landings of black drum include: changes in dockside prices, the reduced 
abundance and/or increased regulations on other species; changing laws and regulations (such as gear 
restrictions); the introduction of new harvest technologies; expanding markets of other species; and 
changes in consumer attitudes and the substitutability of black drum for other species.

, Louisiana's share of the Gulf of Mexico commercial black drum landings also increased 
from 32.3 percent in 1970 to 49.8 percent in 1995. Louisiana's largest share of the Gulf Region black 
drum harvest was 83.7 percent which occurred in 1988. Since 1985, Louisiana has led the Gulf 
Region in commercial landings of black drum. However, Florida’s share of the total Gulf Region has 
increased substantially in the pass two years. (For more historical information on landing for 
Louisiana and the Gulf Region, see Table 3.2).

Commercial annual dockside value is determined by the ex-vessel price received and 
quantity landed. The annual commercial dockside value of black drum has increased from $32,644 
dollars in 1970 to $2,332,328 in 1995. This increase reflects both an increase in annual landings and 
in the per pound dockside price (Table 3.5).

Much of the increase in the dockside value of black drum during the 1970-95 period was 
inflationary based. The value of the black drum fishery in Louisiana, after removing the effects of 
inflation using the 1982-84 consumer price index as the base, increased by a factor of 18.3 from $84 
thousand annually in 1970 to over $1.5 million annually in 1995. The 18.3 factor increase in 
dockside value without inflation is significantly smaller than the factor increase of 71.4 with inflation. 
Table 3.5 shows that the deflated dockside price of black drum landings increased by a factor of only
2.7 from 1970 to 1995.

Black drum are sold in various size categories and are normally classified as puppy drum 
(1-2 lb.), small (2-5 lb.), medium (6-10 lb.) and large or bull drum (10 +  lbs). Puppy drum are not 
a very desirable fish in most markets (with some exceptions in the Cameron Parish Area) and are 
therefore not considered commercially important (Pearce et al. unpublished m.s. 1989). The small(2-5 
lb.)black drum landed in Louisiana are marketed largely in Louisiana and adjacent gulf states and are 
normally sold fresh in the form of drawn or dressed. The most important market for black drum are 
the restaurant and food service outlets. Over 90 percent of the large black drum are marketed out of 
state as fillets(Leard, R., et. al, 1993 ).
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Table 3.6 presents the annual range of ex-vessel black drum dockside price per pound for 
various size categories from 1988 - 1991. The midpoint ex-vessel dockside price per pound range for 
the small black drum category is 1.5 and 7 times higher than for the medium and large “bull” black 
drum categories, respectively. Note that the large variation in ex-vessel dockside price per pound 
received by commercial fishermen for the various market size categories could substantially influence 
the average annual reported black drum landing value per pound.

Since the black drum fishery comprises a single component of Louisiana’s commercial 
fishing sector, it is important to identify the change in commercial harvest revenues that would be 
associated with a decline in commercial catches of black drum. Most fishermen are multi-species 
fishermen and gear used in one fishery can be utilized for harvest of other species. Thus, overall 
industry revenues may not decline proportionately with declining landings because commercial 
fishermen can often redirect efforts to other species. Thunberg et al. (1991) concluded that 
restrictions on red drum harvest led to only a moderate decline in revenues from Florida's near-shore 
fishery because fishermen were able to redirect efforts to other near-shore species. They also found 
the ability to switch to other species was geographically dependent. Caution should be exercised 
when applying these results to Louisiana because the ability to redirect commercial effort will become 
increasingly limited as additional restrictions are placed on more species. Income derived from other 
species such as black drum may be important in keeping these multi-species fishermen in the industry 
(William e ta l., 1980).

3.3 Recreational Fishery

Black drum are not a primarily targeted species of sports fishermen. Most recreational 
fishermen land black drum as incidental catch, with only a small percentage citing them as a desired 
species, as evidenced by the 1984 Louisiana Department of Wildlife and Fisheries creel census results 
(Adkins et at. 1990). According to that report, coastal Louisiana fishermen targeted primarily red 
drum and spotted seatrout, by 49.3% and 63.8% respectively, and no other species by more than 4%, ' 
in this order: largemouth bass, silver/sand seatrout, red snapper, black drum (0.6%), croaker, 
flounder, king mackerel, and blue catfish. O f the total number of fish caught, 75% consisted of red 
drum, sea catfish, spotted seatrout, and croaker. The only others to each add to greater than 1 % of 
the total catch, in order of abundance, were sheepshead, black drum (3.3%), largemouth bass, 
flounder, and bluegill. These findings are further corroborated by the results of Marine Recreational 
Fishery Statistics Survey (MRFSS) data (in Table 3.1) demonstrating that most saltwater fishermen 
land black drum as incidental catch with only a small percentage actually targeting black drum as a 
desired species. The 1993 recreational saltwater survey indicated that spotted seatrout and red drum 
are the primary targeted saltwater species of about 90% of Louisiana saltwater anglers who expressed 
preferred species (Kelso et al. 1994). Flounder was the third most preferred species followed by 
black drum and red snapper. Similar results were reported in the 1990 and 1991 recreational surveys. 
Many anglers indicate no preference for a particular species as indicated in Table 3.1. The percentage 
of respondents that indicate no preference in the 1990, 1991 and 1993 recreational surveys ranged 
from 13% to 40%, depending on the survey.(Kelso et al. 1990, 1991, and 1993). Figures from
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reports from MRFSS (1980 - 1994) indicate the percent of Louisiana fishermen who preferred black 
drum ranged from 0.1% to 2.3% averaging 0.7%, though fishermen with no preference comprised 
the highest category ranging from 19% to 59% (Table 3.1).

The 1990 and 1991 recreational surveys indicated that having a diversity of species to fish 
for was important to all anglers and that the satisfaction of a fishing trip increased with the number of 
fish caught (Kelso et a l  1990 and 1991). The 1993 recreational survey revealed that a majority 
(73.9%) of the saltwater anglers were satisfied with current black drum regulations (Kelso et al. 
1994).

3.3.1 Description of Fishing Activities

Various recreational surveys (MRFSS, Adkins et al. 1990) state that the Louisiana 
fishermen who targeted black drum preferred small fish (less than 5 pounds). They utilized a variety 
of small boats and tackle, largely inshore within short distances from the coast. Many black drum 
were also caught from the bank, near man-made structures, such as bridges and oil rigs, both inshore 
and in Gulf waters. Recreational fishermen caught drum more frequently from October through 
February. The larger average size fish were caught April through September with largest fish being 
caught in passes during February and March. These "bulls" are more heavily targeted for fishing 
rodeos. Baits commonly used were crab, clam, shrimp and cut fish. Black drum are usually fished 
with bottom rigs utilizing casting equipment and occasionally hand-lines.

3.3.2 Effort and Harvest

Recreational black drum landings for Louisiana before the implementation of regulations 
(1980-1988) reveal a wide range in numbers landed, averaging approximately 500,000 individuals 
with apparent fourth year peaks possibly due to good recruitment of year one fish. A recreational bag 
limit and size limits were introduced in October 1989. These limited recreational fishermen to a creel 
limit of five fish from 16 to 27 inches in length, with an allowance of one fish that may be over 27 
inches). The average harvest decreased to approximately 160,000 fish annually under these 
regulations. It should also be noted that these landings reflect a pre-regulation/post-regulation release 
rate of approximately 30% pre- to 70% post- respectively (Figure 12).

A summary of recreational landings by percentage of individual fish by state for 1979 
through 1995 is summarized in Table 3.4, updating the information of Sutter et al. (1986). This table 
also indicates the gulfwide modes most commonly used for capturing black drum.

The catch figures listed in Table 3.4 are estimates of all drum caught, including those 
released, used for bait or otherwise unavailable. There is a considerable bank/shore segment of the 
black drum fishery which represents an average of 36% of the total MRFSS catch from 1979 through
1995. The average weight of black drum landed in Louisiana during this period was 2.8 pounds. The
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average number of fish harvested in Louisiana's recreational fishery (1979-1995) was 434,635 fish 
(Figure 12). MRFSS figures from 1981 through 1995 indicate that an average of 68.9% per year, of 
the black drum harvested, were caught inshore.

Information provided by the National Marine Fisheries Service on numbers, poundage, and 
average harvest weight of black drum caught and harvested by Louisiana recreational anglers are 
presented in Figure 12 for the years 1979 through 1995. The percent of black drum harvested of total 
harvest have decreased since 1981, while the average harvest weight and release rates increased. 
Average harvest weight of black drum increased from 2.9 pounds in 1981 to 4.6 pounds in 1994. 
The percent of black drum harvest of total recreational harvest (all species) declined from 2.7% in 
1981 to 1% in 1994 (Table 3.7). Furthermore, the percent of black drum released in 1995 (71.5%) 
is over 2.3 times what was released in 1980 (25.7%) (Table 3.7, Figure 11). These changes and 
variations in the annual recreational black drum data may be caused by a number of factors including: 
changes in angler attitudes toward black drum; changes in laws and regulations such as bag and size 
limits; or reduced abundance of black drum caused by biological, climatological, environmental or 
habitat factors; or increases in harvest of other (target) species; however, these are probably due to 
regulation changes requiring release.

Adkins et al. (1990) estimated that 105,778 black drum averaging 15.5" were harvested 
recreationally by Louisiana fishermen during 1984. Of the drum caught by anglers in the 1984 
LDWF survey, 69% were kept.

Louisiana required a recreational saltwater license beginning in the 1984-1985 season with 
102,125 sold initially. For 1985 through 1989 salt water license sales averaged 206,000. The 
number of these licenses sold from 1990 through 1994 averaged 280,000 and further increased to 
315,757 for 1994-1995 (Figure 12). The differences in the licenses sold and the MRFSS estimates of 
angler numbers is partly due to the exemption of ages under 16 and over 60 from recreational 
licensing requirements, but may also include error in the estimation of the numbers of anglers.

Adkins e t al. (1990) conservatively estimated there were 150,000 recreational saltwater 
fishermen in Louisiana during 1984. Saltwater licenses were required by 105,000 while 45,000 were 
exempt due to age. These fishermen averaged 15 days of saltwater fishing per year and 5.3 hours per 
trip. A total of 7,658,560 hours of fishing effort was estimated for the year. They also noted that the 
number of 1984 trips was 43.6% less than the National Marine Fisheries Service (NMFS) average 
from 1979 to 1983 and 1985. Some of this reduction may have been due to the severe freeze of 
December, 1983, causing many anglers to believe no fish were available. The range of catch per 
effort for black drum for the period during 1984 LDWF census was 0.01-0.25 drum per trip. The 
average catch was 0.014.

Comparisons using these recreational landings to those of commercial landings can be 
useful; however, they should be interpreted cautiously due to the differences in survey techniques and 
extrapolations. While it appears that recreational landings were much higher than commercial
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landings up to 1978, Fitzhugh and Beckman (1987) gave several reasons for using these 
"independently.. .as trend indicators."

The IGFA all-tackle world record black drum is a 113 pound fish taken off Delaware, 
September 15, 1975. Although larger black drum have been reported (Welsh and Breder 1923), they 
were not included in the records. Fish caught in the Gulf of Mexico usually range from 1 to 3 pounds 
and from 10 to 40 pounds in Atlantic coastal waters (Silverman 1979). The Louisiana Outdoor 
Writer’s Association (LOWA) Louisiana record is 77 pounds, 0 ounces, caught by Timothy Joseph 
Darcey, April 1975. (Ford, 1996).

3.3.3 Economics of Recreational Fishing

' Recreational fishing is a highly diverse activity and has economic value. Participants are 
seeking a recreational experience and are willing to pay more for this activity than it actually costs 
them. Households actually "produce" recreational trips by allocating their time, buying market 
services, and combining these with publicly provided natural resources (McConnell and Strand, 
1994). The value of recreational fishing is variable across individuals and trips. It will depend on 
many conditions-the quality of fishing, the weather, the skill of the angler, etc.

There are two kinds of economic value for recreational fishing. One is the access value to 
a resource. Access pertains both to the overall opportunity for fishing and to the opportunity for 
fishing in specific locations. The value of access is what anglers would pay rather than do without or 
the amount they would accept as compensation for their loss of access. The second kind of economic 
value is the value of catching an additional fish. This is the amount an angler is willing to pay to 
catch more fish, larger fish, or more desirable fish. This amount will depend on many things, such 
as the species sought, the time when fishing takes place, the mode of fishing, the weather, 
environment, etc.

The estimation of the value of a recreational fishery such as black drum will involve the 
measure of species specific effort and the expenses incurred. There have been several studies made 
to collect total numbers of recreational fishermen, percentage of fishermen targeting various species, 
average number of fishing trips per year, and expenditures per trip. Data from these studies have 
been highly variable among studies, even over the same time period. Conclusions drawn from these 
studies should therefore be viewed with caution.

Recreational fishing effort depends primarily upon the number of fishermen and number of 
trips per fisherman. Individual fishing effort is largely a function of the expenses incurred in the 
activity and the perceived benefits received from the activity. As costs rise and benefits remain the 
same, effort tends to decrease. Costs can increase through increased spending, in relation to other 
leisure activities, or fraction of disposable income. Anglers can receive both tangible and intangible 
benefits from fishing activities. Tangible benefits include the number or quality of fish caught. 
Intangible benefits can be enjoyment of the outdoors, change in routine, companionship, etc.
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Fishing effort will continue as long as the economic costs are not greater than the anglers 
satisfaction (or what economists call utility). Net Fishing benefits (satisfaction minus costs) may 
decline due to satiation, declining catch per angler, congestion at favored locations, degradation of 
aesthetic value o f trips, or from increased fishing costs.

Direct expenditures per trip for marine recreational anglers in Louisiana were estimated at 
$53 (Kelso et al., 1992), $64 (Bertrand, 1984), $75 (Kelso et al., 1991), and $133 (Titre et al„ 1988). 
Direct expenditures include spending for automotive and boat fuel, lodging, food and drinks, ice, boat 
launch fee, bait, and other expenses directly related to the trip. In addition to trip expenditures, 
anglers purchase equipment (boats, motors, trailers, vehicles) and speciality gear. This equipment is 
used for more than one trip and even over several years. Their costs need to be allocated over time. 
Published annual estimates o f these expenses vary widely depending on what is included: $698 (U.S. 
Fish and Wildlife Service, 1993), $824 (Kelso et al., 1991), and $1108 (Kelso et al., 1992).

Bertrand (1984) estimated total annual expenditures by saltwater anglers in Louisiana as
180.6 million dollars. Estimates can also be calculated from other surveys. From a 1985 survey, the 
U.S. Fish and Wildlife Service (1988) estimated that state residents spent a total o f $197 million 
dollars on saltwater fishing expenses, including equipment and trip-related expenses. Nonresident 
fresh and saltwater anglers spent an estimated $36.7 million in trip-related expenses in Louisiana. To 
estimate total nonresident saltwater expenses, nonresident expenditure data was adjusted by the same 
proportion as the state resident spending for fresh and saltwater fishing trips. This yields total 
saltwater expenditures of $210 million. From the next survey in 1991, the U.S. Fish and Wildlife 
Service (1993) estimated expenditures of 158.8 million dollars by state residents on saltwater angling. 
Nonresident fresh and saltwater anglers spent an estimated $60.3 million in trip-related expenses in 
Louisiana. As in the 1985 U.S. Fish and Wildlife survey, expenditures of nonresident anglers were 
not broken out by fresh and saltwater expenditures. However, from the 1991 survey data, the Sport 
Fishing Institute estimated that expenditures of saltwater anglers in Louisiana total $183.3 million 
(Fedler et. al).

Direct expenditures for the fishing trip may be less than the angler would be willing to pay 
for the entire experience. The difference between the costs of the trip and what the angler is willing 
to pay is called consumer's surplus. This is a measure of the value that the angler receives for 
benefits other than the fishing activity. Titre et al. (1988) found that the average recreational user 
would be willing to pay approximately $320 to $360 annually for the right to recreate in Louisiana 
wetlands under certain conditions of harvest, catch, and amenity situations. This $320 to $360 
represents an estimate of the consumer's surplus and when added to direct expenditures, provides a 
total economic value for an angler's trip.
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4.0 RESEARCH NEEDS

The following data needs and priority research areas have been identified:

1) Fishery Dependent Data Collection

This includes characterization of commercial gear types utilized, areas fished, size of 
harvest, age of harvest, reproductive data, and other trip specific information not available through 
standard NMFS reporting methods. This information is necessary because it allows more accurate 
identification of the fishery, e.g., extrapolations of catch per effort, water-body specific landings, and 
length or'age frequency of the harvest, for stock assessment purposes.

Recent legislation has brought substantial change to the character of the black drum fishery, 
other estuarine fisheries, and their associated markets. Close monitoring will be necessary in order 
to react properly and in a timely manner to changes in the fisheries as effort and gear are redirected.

Current methods available for monitoring recreational impact and changes are limited. 
Additional surveys of recreational fishermen are needed to improve catch per effort information and 
detect changes in the important recreational species composition by size, age, etc. This would allow 
us to more precisely monitor changes and evaluate existing management measures.

In the presence of changing regulations, fishery-dependent information is not a reliable 
source of data for assessing the status o f a fish stock. However, such data are necessary to measure 
the effects of fishing on that stock. Consistent fishery-dependent and fishery-independent data 
sources, in a comprehensive monitoring plan, are essential to understanding the status of fishery 
stocks, and to identifying causes of changes in stock abundances. Present programs should be 
assessed for adequacy with respect to their ability to evaluate stock status, and modified or enhanced 
to optimize their capabilities.

2) Fishery Independent Data

.Fishery independent monitoring provides population structure data rather than harvest 
information. This provides relative abundance, indices of relative year class strengths, and success of 
spawns. It also helps management by targeting segments of black drum populations (and other 
species) where life history information is lacking.

Saucier And Baltz (1993) suggested further studies that would ”... characterize habitat 
selection in terms of spatial and temporal variation...relative to other life history events that influence 
reproductive success." They proposed that by modeling the habitat selected for spawning, the 
quantity of suitable habitat and spawning success could be predicted given specific environmental 
conditions (most of which influence salinities).
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3) Tagging

This type of information allows insight to movements and behavior, e.g., escapement and 
growth rates needed to assist in determining the spawning stock biomass. The extent of migrations of 
large schools within their range is not known, and this is pointedly true for the medium sized black 
drum prior to reaching maturity (ages 4-6 years) where they have largely "disappeared" from the 
fishery dependent landings information.

4) DNA Electrophoresis

Further analysis of genetic tracers are needed to determine if different stocks exist, and 
potential interactions between stocks in different areas of Louisiana or Gulf waters.

5) Age and Growth

Characterization of this species' ages through use of otolith and various validation 
techniques should be continued and encouraged.

7) Social and Economic Information

Social and economic information is needed on participants of the black drum fishery. 
Information on other fisheries that these black drum fishers participate in, processing and marketing 
cost, investment, operating-and harvesting costs, could help identify the health of the industry and 
impacts of regulatory changes on participants in the fisheries. In addition, a description of the 
marketing system, product forms and value added estimates by the various marketing sectors is 
needed.
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Table 2.1 Weight at length of black drum from length/weight regressions of Harrington et al.
1979 (TLAVT) and Hein et al. 1980 (FLAVT).

FORK LENGTH 
(inches)

WEIGHT 
wt (lbs.)

TOTAL LENGTH 
(inches)

WEIGHT
(lbs)

5 0.07 5 0.06
6 0.11 6 0.10
7 0.18 7 0.16
8 0.28 8 0.24
9 0.39 9 0.34
10 0.54 10 0.47
11 0.73 11 0.62
12 0.95 12 0.80
13 1.21 13 1.02
14 1.52 14 1.27
15 1.87 15 1.56
16 2.28 16 1.89
17 2.74 17 2.26
18 3.26 18 2.68
19 3.85 19 3.15
20 4.50 20 3.67
21 5.22 21 4.24
22 6.02 22 4.87
23 6.89 23 5.55
24 7.85 24 6.30
25 8.89 25 7.12
26 10.01 26 7.99
27 11.24 27 8.94
28 12.55 28 9.96
29 13.97 29 11.06
30 15.50 30 12.23
35 24.80 35 19.34
40 37.26 40 28.75
45 53.37 45 40.80
50 73.59 50 55.79

55 74.05
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A<

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
25
30
35

Average length and weight of black drum at various ages based on the sloped- 
asymptote double von Bertalanffy growth equation and length/weight relationship of 
Beckman ef a/. 1990.

FORK LEN G TH  
(inches)

TO TA L LEN G TH  
(inches)

W EIG H T
(lbs)

10.27 10.81 0.59
17.09 18.23 2.78
20.99 22.51 5.21
23.30 25.05 7.16
24.73 26.63 8.59
25.69 27.69 9.65
26.39 28.47 10.47
26.95 29.09 11.17
27.43 29.63 11.79
27.88 30.12 12.38
28.30 30.58 12.96
28.70 31.03 13.53
29.10 31.48 14.12
29.50 31.92 14.71
29.89 32.36 15.32
30.29 32.79 15.94
30.68 33.23 16.58
31.07 33.67 17.24
31.47 34.10 17.91
31.86 34.54 18.60
33.82 36.72 22.31
35.78 38.91 26.50
37.74 41.10 31.18
39.70 43.30 36.39
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Table 3.2. Black drum commercial landings by state from the Gulf of Mexico, 1923 through 1995.
Year Fla. Ala. Miss. 

(thousands
La.

of pounds)
Tx. Gulf

1923* 142 - 39 60 1,028 1,269
1932b 48 1 89 87 932 1,157
1934“ 1 0 0 1 4 199 2,253 2,557
1936b 197 2 8 150 2,257 2,614
1939b 84 3 26 150 1,320 1,583
1940b 130 1 14 92 492 729
1945b 986 65 2 0 301 1,213 2,585
1950b 50 3 2 0 197 708 978
1951b 36 1 1 e 235 702 992
1952b 126 3 2 139 614 884
1953b 71 2 5 64 770 912
1954b 45 2 1 6 8 2,191 2,307
1955b 48 3 14 128 1,972 2,165
1956b 69 5 39 148 1,852 2,113
1957b 62 2 2 1 184 1,502 1,771
1958= 128 9 28 178 1,071 1,414
1959= 124 1 0 38 161 1,288 1,621
1960= 191 2 15 190 1,520 1,918
1961= 75 2 23 388 1,635 2,123
1962= 58 2 2 2 390 1,373 1,815
1963= 1 0 0 1 0 17 344 1,363 1,831
1964= 8 8 17 46 306 1,409 1 , 8 6 6
1965= 65 3 33 195 1,470 1,766
1966= 65 4 2 0 247 1,007 1,343
1967= 75 8 33 264 1,061 1,441
1968= 84 16 75 360 677 1 , 2 1 2

1969d 63 43 114 478 610 1,308
1970d 50 24 53 434 783 1,344
1971d 73 31 2 1 506 1,138 1,769
1972d 96 44 23 540 1,165 1 , 8 6 8

1973d 84 80 14 541 1,208 1,928
1974d 60 53 1 0 440 1,357 1,920
1975d 35 2 0 2 0 276 1,172 1,523
1976" 27 19 48 579 2,091 2,764
1977d 2 0 25 44 583 1,454 2,126
1978d 34 25 396 580 1,786 2,821
1979d 215 31 1,934 536 1,531 4,247
1980d 312 48 4,045 472 1,058 5,935
1981d 750 89 2 , 1 2 2 2,889 644 6,514
1982d 56 79 1,184 1,690 1,249 4,258
1983d 404 96 1,417 1,859 1,493 5,269
1984d 439 60 2,559 1,976 900 5,934
1985d 369 34 2,543 3,421 644 7,011
1986d 579 253 972 5,226 588 7,619
1987d 436 370 960 8 , 0 2 1 857 10,644
1988d 14 8 1 2 2 702 8,757 739 10,468
1989d 204 56 119 4,406 703 5,488

LOUISIANA REGULATIONS ENACTED (10/89)
1990d 48 56 217 2,876 635 3,832
1991d 49 2 2 2 1 1,914 460 2,125
1992d 49 37 13 3,014 846 3,959
1993d 49 6 6 24 3,178 826 4,144
1994d 48 56 57 3,739 1,822 5,722
1995d* 26 57 36 2,999 2,904 _ .6,023

* Preliminary 
Fla. (West Coast)
•Summarized in Pearson (1929)
^Summarized in Simmons and Breuer (1962) 
^Bureau of Commercial Fisheries 
^National Marine Fisheries Service
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Table 3.3. Number of commercial La. gear licenses and percent of black drum catch by gear type. 
Resident licenses only.

Year
Haul
Seine Trawl

Trammel
Net Line

Purse ** Gill
Seine Net

Rod
Reel

1984 609
2.7%

17,843
5.49%

414
4.46%

N/A
3.8%

33
30.1%

2, 252 
43.4%

N/A

1985 442
19.4%

15,927
4.7%

423
9.9%

N/A
0.8%

34
23.4%

2,031
31.8%

N/A

1986 345
11.0%

16,311 
16.3%

377
11.0%

N/A
2.7%

26
5.3%

2,118
56.5%

N/A

1987 281
4.0%

24,358
17.8%

826
9.7%

N/A
9.5%

N/A
2.6%

3,271
56.5%

N/A

1988 236
4.2%

20,578 
10.7%

605
2.4%

N/A
2.6%

N/A
6.7%

2,476
73.4%

N/A

1989 265
0.7%

18,270
13.0%

619
2.5%

180
0.3%

N/A
0.0%

2,717
85.6%

N/A

1990 257 16,735 594 1,055 - - 2,565 N/A
1991 249 14,959 536 1,012 - - ' 2,645 N/A
1992 218 13,866 493 995 - - 831 N/A
1993 184 11,349 486 1,016 - - 900 N/A
1994 196 10,231 489 1,053 - - 1,020 N/A
1995 162 10,064 467 1,170

**
781

755/ 34 3
1996* 0 9, 834 0 1,365 - - ** 844/120 24

LDWF, Commercial Licenses 
*PRELIMINARY (through November, 1996)
N/A-Not available
**Mullet strike net/Pompano strike net substituted for SW Gill net license, 
winter of 1995
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Table 3.4. Summary of recreational fishing statistics for black drum in the Gulf of Mexico, 
(updated from Sutter e t a l  1986).

YEAR

| | U.S. catch |
| Total | from Gulf of | Percent
| U.S. catch) Mexico j of Gulf catch
j (thousands 1 (thousands 1 bv Gulf State
1 of fish) 1 of fish) 1 FT, AT. MR T.A

1
1

1
TX 1

Estimated Gulf 
catch by fishing mode 
(thousands of fish)

|Party/ |Rental/ 
Shore 1 CharterInrivate Total

1979- I 2,665 | 2,24 5 (84.2%)| 3.3 .  . 39.8 56.3) 267 1, 978 2,245

1981- | 1,713 |1,638 (95.6%) | 5.6 -- 3.0 14.6 76.3) 1013 625 1,638

1982- 1 1,704 |1,505 (88.3%)|11.4 -- 60.8 26.6) 633 871 1,505

1983- | 1,709 |1,461 (85.5%) | 7.0 -- 2.1 81.9 8.7) 503 1,059 1,461

1984- | 1,116 | 785 (70.3%)|28.7 -- 48.7 22.0) 278 496 785

1985- | 1,362 |1,089 (80.0%)|19.3 - - 39.8 39.9 | 510 556 1,089

1986- I 1,867 |1,430 (76.6%)|17.2 -- 80.8 N/A| 396 1, 032 1,430

1987- I 1,716 |1,303 (75.9%)|45.3 -- 3.1 50.7 N/A| 617 685 1,303

1988- | 1,586 |1,344 (84.7%)|22.1 2.2 -- 73.4 N/A| 495 833 1,344

1989- | 736 l 622 (84.5%) 140.4 1.2 5.1 53.3 N/A| 168 1 io 444 622

1990- 1 818 1 680 (83.1%)119.0 18.3 2.3 60.5 N/A| 111 1 13 557 680

1991- I 1,024 1 671 (65.5%)134.1 1.0 6.1 58.8 N/A| 255 1 8 408 671

1992- l 1,405 11,130 (80.4%)132.8 3.2 9.4 54.4 N/Al 419 l 15 695 1,130

1993- 1 1,534 11,268 (82.7%)118.2 2.9 1.4 77.4 N/A | 601 1 19 648 1,268
1994- I 1,125 I 824 (73.2%)126.2 2.3 5.9 65.6 N/A | 349 I 29 446 824

1995- 1 1,595 11,063 (66.6%)119.0 2.2 2.3 76.5 N/A1 239 1 34 789 1,063

- U.S. National Marine Fisheries Service, MRFSS reports (1980 through 1990)
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Table 3.5. Historical Landings and Value of Commercial Black Drum fishery Louisiana, 1970-1995.

Year
Pounds
(xlOOO)

Value
(dollars)

Deflated 
value *

Price
($/lb)

Deflated
price*

Louisiana 
share of 
Gulf landing

1970 434 32,644
(dollars)

84,134 0.08
($/lb)
0.19

(percent)
32.3

1971 506 35,775 88,333 0.07 0.17 28.6
1972 540 38,467 92,026 0.07 0.17 28.9
1973 541 44,887 101,097 0.08 0.19 28.1
1974 440 41,630 84,442 0.09 0.19 22.9
1975 276 29,048 53,993 0.11 0.20 18.1
1976 579 68,711 120,757 0.12 0.21 20.9
1977 583 81,798 134,980 0.14 0.23 27.4
1978 580 116,354 178,457 0.20 0.31 20.6
1979 536 98,661 135,897 0.18 0.25 12.6
1980 472 92,910 112,755 0.20 0.24 8.0
1981 2,889 612,204 673,492 0.21 0.23 44.4
1982 1,691 572,882 593,660 0.34 0.35 39.7
1983 1,859 703,453 706,278 0.38 0.38 35.3
1984 1,976 1,042,759 1,003,618 0.53 0.51 33.3
1985 3, 421 1,018,687 946,735 0.30 0.28 48.8
1986 5,226 1,836,930 1,676,031 0.35 0.32 68.6
1987 8,021 2,640,319 2,350,633 0.33 0.29 75.4
1988 8,757 2 , 3 4 7 ,8 3 4 1,987,644 0.27 0.23 83.7
1989 4,406 1,831,962 1,477,389 0.42 0.34 80.3
1990 2,876 1,115,212 853,261 0.39 0.30 75.1
1991 1,914 1,170,134 859,129 0.61 0.45 90.1
1992 3,014 1,428,767 1,018,366 0.47 0.34 76.1
1993 3,178 1,985,349 1,355,259 0.62 0.43 76.7
1994 3,739 2,531,907 1,708,439 0.68 0.46 65.3
1995 2, 999 2,332,328 1,540,507 0.79 0.52 49.8

* Adjusted by the consumer price index with 1982-84 = 100 as the base year.
Sources: Leard et al. 1993, NMFS Commercial Landings Database, and DOC 1994.
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Table 3.6. Exvessel prices of black drum by size groups.

Year
2-5 lbs. 
small

6-10 lbs. 
medium

10+ lbs. 
bull*

1988 $0.70-1.40 $0.30-0.70 $0.08-0.18

1989 $0.60-1.15 $0.44-0.65 $0.08-0.17

1990 $0.80-1.80 $0.60-1.00 $0.08-0.27

1991 $1.00-1.90 $0.55-1.20 $0.08-0.33
1992 $0.50-1.20 $0.33-0.75 $0.07-0.33

1993 $0.30-1.60 $0.13-0.75 $0.08-0.33
1994 $0.40-1.70 $0.20-0.65 $0.10-0.33

1995 $0.40-1.60 $0.20-1.25 $0.10-0.27

1996 $0.30-1.60 $0.30-1.00 $0.13-0.33

•based on 15 pound fish for bull drum.
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2 . 2  mm TL

5 , 5  mm TL

8 .0  mm TL

B, Larva, 5.5 mm TL. C. Larva, 8.0 mm. D. Larva, 8.0 mm TL.
E. Juvenile, 18.0 mm. F. Juvenile, 35.0 mm. (A, B, D, Joseph, E. B., 
ec al., 1964: figs. 2-3. C, E, F, Pearson, J. C., 1929: figs. 15-17.)



V l

Fig. 1  . Pogonias cromis, Black drum. A. Juvenile, ca. 100 mm SL. 
B. Juvenile, 231 mm TL. C. Adult, ca. 540 mm SL. D.-G. Egss in 
various stages of development. (A, Fowler, H. W.» 19452 fig. 282. 
B-C, Goode, G. B., 1884: pi. 121-122. D-G, Joseph, E. B., et al., 
1964: fig. 1.)
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Commercial Harvest of Black Drum
in Louisiana and the U S. Gulf of Mexico

irriiTirni7immmiTil71l7ini7iniTltTi[7l(7l[7lf7IITl

YEAR

□  Louisiana — Gulfwide I

Figure 8. Black drum commercial landings from the Gulf of Mexico and Louisiana waters 
(NMFS landings statistics).
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Black Drum Landings (PO UNDS) 
juvenile vs adult

100%

80%

60%

40%
20%

0%
90/91 91/92 92/93 93/94 94/95 95/96

□  >27 inch M<27inch

by seasons (sept thru aug)

Figure 9. Percent harvest of adult ("bull", >27") and juvenile ( <27") black drum in fishing 
seasons 1990-91 through 1995-96. Data from commercial landings reports (NMFS and LDWF 
data files).



Black Drum Landings 
East vs West

Figure 10. Location of commercial harvest of black drum across Louisiana, East or West of 
Mississippi River. Unknown category could not be classified as to location. Data 
from NMFS and LDWF commercial landings data files.



Figure 11. Recreational Landings of Black Drum in Louisiana. MRFSS, NMFS data files

Year Harvest Released Total Catch Total W pt Ave. W et. % Released
79 99,909 298,743 1,598,652 2,396,002 1.84 18.7%
80 725,760 250,994 976,754 1,817,753 2.50 25.7%
81 192,248 71,845 264,093 559,457 2.91 27.2%
82 858,953 501,996 1,360,949 1,832,226 2.13 36.9%
83 916,554 367,647 1,284,201 2,676,410 2.92 28.6%
84 219296 183642 402938 892317 4.07 45.6%
85 265,600 185,459 451,059 594,275 2.24 41.1%
86 802,722 333,767 1,136,489 2,367,029 2.95 29.4%
87 417,121 219,737 636,858 2,726,116 6.54 34.5%
88 449 683 347 113 796 796 1.359 815 3.07 43.6%

END PRE-REGULATION PERIOD
PRE-REG AVG 614.785 276 094 890.879 1 777 140 2.80 31.0%

89 195,888 136,106 331,994 897,782 4.58 41.0%
90 131,011 280,341 411,352 421,108 3.21 68.2%
91 110,603 284,114 394,717 537,419 4.86 72.0%
92 208,533 406,961 615,494 824,182 3.95 66.1%
93 236,800 744,844 981,644 709,203 2.99 75.9%
94 141,806 398,462 540,268 649,263 4.58 73.8%
95 231.350 581.183 817 533 781.129 3.38 71.5%

POST-REG AVG 179 427 404 573 584 000 688.584 3.84 69.3%

L o u i s i a n a  R e c r e a t i o n a l  D r u m  L a n d i n g s
Numbers and Pounds of fish
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Saltwater recreational fishing license sales vs. estimated numbers of saltwater anglers.

SEASON NUMBER SOLD RESIDENT*
RESIDENT NONRESIDENT S.W .ANGLERS

1984-1985 102,125 436,441
1985-1986 169,149 608,734
,1986-1987 198,852 653,557
1987-1988 195,099 20,627 607,864
1988-1989 204,686 14,107 501,230
1989-1990 208,292 19,396 393,311
1990-1991 206,088 27,900 412,710
1991-1992 229,805 33,587 470,559
1992-1993. 245,952 39,591 418,226
1993-1994 265,759 33,896 442,205
1994-1995 280,360 35,397 391,276
1995-1996 296,959 40,859 4 6 3 , 6 1 3

* source: MRFSS,NMFS
Total and Saltwater Recreational Fishing Licenses

1990-91 
F ish in g  Y e a r

1984-85 1986-87 1988-89 1992-93 1994-95

■  #  T o ta l l ic e n s e s  *  T o ta l S W  L ic e n s e s  A  S W  R e s id e n t  Lie B  S W  N o n - R e s id e n t  Lie

Figure 12. Total fishing licenses, resident, and non-resident saltwater fishing licenses (LDWF 
Sports License Section) and estimated numbers of saltwater anglers from the NMFS MRFSS 
telephone survey. MRFSS estimates include non-licensed anglers (<  16 or >59 years of 
age). "Total" licenses includes freshwater fishing categories, Saltwater licenses are required in 
addition to the basic freshwater license..
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SUMMARY OF CHANGES FROM 1996 ASSESSMENT

This summary provides a quick reference of substitutive changes in methods or 
corrections in this years assessment from the 1996 assessment conducted for black drum.

Section 5.6 Status of the Stock
• The calculation of fishery-independent mean catch-per-effort for trammel net and seine 

samples was changed from using an arithmetic mean of positive samples to using a log 
transformed mean of all samples. The function is described as follows:

Mean CPUE = ( exp ( £ln ( catch +1 ) / N )) -1

where, catch is the total number caught in each set and, N is the number of samples taken 
annually. This method accounts for all samples taken and reduces the impact of 
occasional large catches on the estimate of CPUE.



D R A F T
BLACK DRUM

5.0 STOCK ASSESSMENT

This assessment uses yield-per-recruit (YPR) and Spawning Potential Ratio (SPR) to 
estimate the impact of fishing pressure on potential yield and the spawning potential of the black 
drum stock in Louisiana waters. Estimates derived from YPR and SPR are based on information 
regarding the growth rate and spawning potential of the fish, and on estimates of the natural 
mortality rate (M) and fishing mortality rate (F) on the stock. The results from this assessment 
provide a generalized approach towards estimating the impact of fishing on the spawning 
potential and potential yield of the fish stock. The spawning biomass of females is assumed to 
be the factor limiting the spawning potential of the stock; therefore, where possible, only data on 
female black drum are used. Yield- per-recruit and SPR analysis, as with many other generalized 
assessments, should be used only as a guide until a more comprehensive assessment can be 
conducted.

In developing a stock assessment, the unit stock must be defined. While a unit stock is 
often represented by that portion of the population which is genetically similar, for our purpose, 
the most applicable definition seems to be one which considers the unit stock as that portion of 
the population which is either dependent on Louisiana waters, or which is available to Louisiana 
fishermen.

5.1 Growth

Draft - Black Drum
January 16, 1997

Luquet (1996) presents several growth equations for black drum. The one chosen for 
this assessment was developed by Geaghan and Garson (unpublished), and is a sloped asymptote 
model fitted to a von Bertalanffy growth equation. The data used by Geaghan and Garson 
(unpublished) was from Beckman et al. (1988) who used otolith sections in aging fish caught in 
Louisiana waters. The sloped asymptote model proved to fit the data better than did other 
equations. The equation is as follows:

L  = ( 610 + 9.959 * t ) * (1 -e

where, L =  length at age t, and t = age in years.
The length-weight regression described by Beckman et al. (1988) from fish harvested in 

Louisiana was used in this assessment. The equation is as follows:

Iog(W) = 3.05 * Iog(FL) - 4.943 

where, W = weight in grams, and FL = fork length in millimeters.



5.2 Natural Mortality
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Natural mortality is one part of total mortality (Z) and is the mortality due to all causes 
other than fishing. These include predation, disease, spawning stress, starvation, and old age. 
Typically, natural mortality is estimated, as it is difficult to directly measure, especially on 
exploited fish stocks where natural mortality and fishing mortality occur simultaneously.

This assessment follows the former Louisiana Department of Wildlife and Fisheries 
(1990) assessment in using a range of values for natural mortality (0.1, 0.15, 0.2) to evaluate the 
sensitivity of M on the resulting spawning stock.

5,3 Fishing Mortality

Fishing mortality estimates derived in the former Louisiana Department of Wildlife and 
Fisheries‘(1990) assessment were used in this assessment to evaluate the impact of current 
fishing regulations on the spawning potential of the stock. The former assessment did not 
address the concept of spawning potential as a management measure. Only recently has this 
concept become widely used.

The former assessment used the growth equation described in Section 5.1 to develop 
annual catch-at-age tables. Fish with lengths greater than the asymptotic length were not used in 
developing catch-at-age and therefore not used in the assessment. The elimination of these fish 
reduces the number of large fish that are typically older fish used in developing catch-at-age and 
produces a more conservative estimate.

5.4 Yield-per-Recruit

Yield-per-recruit and SPR analysis provides basic information about the dynamics of a 
fish stock by estimating the impact of mortality on yield and the spawning potential of the stock. 
The results can be examined as to the sensitivity of natural and fishing mortality rates on yield 
and spawning potential.

The growth parameters described in Section 5.1, the age-specific fishing mortality rates 
described in Section 5.3, and the natural mortality rates described in Section 5.2 were 
incorporated into the yield-per-recruit and spawning potential analysis. Fecundity estimates 
derived by Wilson et al. (1992) were used to estimate spawning potential. The equation is as 
follows:

ln(BF) = 0.76 * In(Age) + 12.24

where, BF=batch fecundity. The results are presented in Table 5.1, which contains estimates of 
Fmax (fishing mortality rate that produces maximum yield), Fo.i (fishing mortality rate 
representing 10% of the slope at the origin of a yield-per-recruit curve), F2o%spr (fishing mortality
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that produces 20% SPR), Fsokspr (fishing mortality that produces 30% SPR), and estimates of F 
from Section 5.3.

5.5 Conservation Standards

Conservation standards are intended to protect the viability of a fish stock for future 
generations. These standards have historically been based on a number of biological measures of 
the dynamics of fish stocks, depending on the availability and adequacy of data. Conservation 
standards should be separated into two types: a conservation threshold which is entirely 
biologically based and, a conservation target which considers biological measures modified by 
relevant social, economic, and ecological factors. A conservation threshold is a biological 
baseline for the harvest of a fish stock and should not be exceeded. It is the highest level of 
fishing mortality that will ensure that recruitment overfishing will not. occur. Beyond the 
conservation threshold, a conservation target may be set, providing for other management goals 
in the fishery. Such goals may include maximizing yield in weight or numbers of fish, economic 
benefits or profit, employment, or some other measurable goal. These targets should be set at a 
fishing mortality rate below that of the conservation threshold in order to ensure that the 
biological integrity of the stock is not damaged by fishing.

The spawning potential ratio (SPR) concept described by Goodyear (1989), is a species 
specific value expressed as the ratio of the spawning stock biomass (or egg production) per 
recruit (SSB/R) in a fished condition to the SSB/R in an unfished condition. The concept is 
based on the premise that below some level of SPR, recruitment will be reduced. Goodyear 
(1989), recommends that in the absence of sufficient data to provide a value specific to the stock 
in question an SPR of 20% be used as a threshold. Work on North Atlantic ground fisheries also 
resulted in the calculation of a threshold SPR of 20% (Gabriel et al. 1984, Gabriel 1985). An 
SPR of 20% has been recommended for Spanish and king mackerel in the Gulf of Mexico 
(National Oceanic and Atmospheric Administration/National Marine Fisheries Service 1995), 
while an SPR of 8-13% has been demonstrated to be sufficient for gulf menhaden (Vaughan 
1987). In earlier analyses of Louisiana spotted seatrout fisheries (Louisiana Department of 
Wildlife and Fisheries 1991), an SPR threshold of 15% was recommended based on several years 
of data. Mace and Sissenwine (1993) examined 90 stocks of 27 species, and reported that the 
average replacement SPR for all these stocks was 18.7%, while the most resilient quarter of the 
stocks required a maximum of only 8.6%. These authors recommended that an SPR of 30% be 
maintained when there is no other basis for estimating the replacement level, as this level was 
sufficient in maintaining recruitment for 80% of the stocks examined. However, they noted that 
30% may be overly conservative for an "average" stock, and reiterated the need for stock-specific 
evaluations of standards to enhance both safety and benefits in the fishery.

Sufficient information is not available to directly estimate a conservation threshold for 
black drum in Louisiana. However, the conservation target of 30% SPR established by the 1995 
Regular Session of the Louisiana Legislature for black drum, southern flounder, sheepshead, and
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striped mullet appears to be adequate to maintain the black drum stock and prevent recruitment 
overfishing.

The use of any measure of the health of a fish stock as a perfect index is arguable. It is 
logical to conclude that growth overfishing should occur at a much lower fishing rate than that 
which would threaten recruitment. However, Mace and Sissenwine (1993) provide information 
to suggest that some stocks may have reduced recruitment at levels of fishing that would not 
reduce yield-per- recruit. The preferable position for making recommendations on appropriate 
levels of fishing for a stock is to base those recommendations on actual measures of spawning 
stock size and recruitment for both the species and fishery in question. This requires a base of 
information resulting from monitoring of both the stock and the fishery over a variety of 
conditions. Without this information, conservation standards may either underestimate or 
overestimate the potential of a fishery. If the potential is underestimated, society loses the 
economic and social benefits of the harvest. If the potential is overestimated and the fishery is 
allowed to operate beyond sustainable levels, society loses the benefits of a sustainable fishery, 
and recovery will require some period of rebuilding, when effort must be reduced from the 
non-sustainable levels (Hilbom and Walters, 1993). Some researchers have speculated that 
overharvest of some stocks may lead to their replacement in the ecosystem by other, often less 
preferred, stocks. The frequency of such replacements is unknown, and the cause of shifts in 
species predominance in an ecosystem is difficult to ascertain, even after the fact. Such a shift 
has been reported in the Georges Bank area, where prolonged, intense harvest of cod and 
haddock has been implicated in gradual increases in skate and spiny dogfish populations 
(National Oceanic and Atmospheric Administration 1993).

5,6 Status of the Stock

Black drum were lightly exploited until the early 1980s when commercial harvest began 
to increase dramatically (Figure 5.1). Commercial landings went from 0.4 million pounds in 
1980 to.8.7 million pounds in 1988. Regulations implemented in 1989 reduced the commercial 
harvest -to between 2 and 4 million pounds annually. Harvest from the recreational fishery 
fluctuated, between 0.5 and 2.7 million pounds, for the years prior to regulation (1981-1988), and 
0.4 to 0.8 million pounds post-regulations (Figure 5.2). Mean catch-per-trip from the 
recreational fishery was calculated by selecting those trips that had black drum in their catch. 
The results are presented in Figure 5.3 along with 95% confidence limits around the mean. The 
catch-per-unit-effort (CPUE) indices cycled throughout the period examined (1981-1995), with 
no indication of a long-term downward trend. The years 1985 and 1991 showed the lowest 
CPUE and only significantly lower then 1982, 1986, and 1993. Catch-per-effort data from the 
Departments, fishery-independent trammel net (750' - 1 5/8" inner, 6" outer wall) and small mesh 
bag seine (50' -1/4” delta mesh) samples were calculated as follows:

Mean CPUE = ( exp ( £ln ( catch +1) / N )) -1
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where, catch is the total number caught in each set and, N is the number of samples taken 
annually. Trammel net and seine data were used for the period 1986-1996. The CPUE fluctuates 
throughout the time period in both the seine and trammel net samples with no indication of a 
long-term downward trend (Figure 5.4 and 5.5). The year 1988 was the only year where CPUE 
in seines showed any significant difference at the 95% confidence level and, only lower than 
1986, 1992 and 1996. Trammel net CPUE was highly variable throughout the period as 
indicated by the wide confidence limits associated with the years examined. The years 1986, 
1988 and 1989 had the lowest CPUE, and only significantly lower than 1996.

Rules for the harvest of black drum changed recently. Commercial harvest methods were 
changed on August 15, 1995 when Act 1316 of the 1995 Regular Legislative Session, the Marine 
Resources Conservation Act of 1995, became effective. This act outlawed the use of "set" gill 
nets or trammel nets in saltwater areas of Louisiana, and restricted black drum harvest by the use 
of "strike" nets to the period between the third Monday in October and March 1 of the following 
year. A "Restricted Species Permit" was required in order to harvest black drum , and several 
criteria were established in order to qualify for that permit. This set of regulations had the effect 
of reducing the harvest of black drum by this segment of the commercial fishing industry.

It should be noted that the following results of YPR and SPR analysis do not reflect the 
impact of current regulations described above. With this type of general assessment, it will take 
several years before the impact of regulations will be observed in the disappearance rates from 
the fishery. The results do represent the impact of the fishery on the black drum stock given the 
fishing pressure existing in 1994 and 1995.

The results of YPR analysis indicate that if M=0.1 (the most conservative value within 
the range of estimates), the fishery prior to existing regulations (Act 1316) was operating above 
Fo.i and below Fmax with yield of 92% of maximum, and SPR at 42%. An M of 0.15 or 0.2 
would indicate a more lightly fished stock with yield being 67% to 45% of maximum and with 
SPR being 56% to 67% respectively (Table 5.1).

Based on this generalized assessment, if M is 0.1, and fishing mortality rates continue at 
1990-1995 levels, then black drum are not being harvested at a rate that would drive the stock 
below the target SPR of 30% established by the Louisiana Legislature. Also, if M is higher then 
0.1, or regulations implemented since 1995 have effectively reduced fishing mortality rates from 
1990-1995 levels, then harvest rates would provide SPRs greater then 30%.

5.7 Research and Data Needs

Estimates of natural mortality used in the present assessment show wide variation. This 
variation reduces the reliability of the present assessment in providing an accurate prediction of 
the potential yield of the stock, and also reduces the confidence level of the present estimate of 
SPR. A more precise estimate of natural mortality would assist in both of these problems.
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Annual age-length keys should continue to be developed to provide catch-at-age data 
necessary to conduct age-based population assessments. The department is in the process of 
collecting otoliths for development of annual age-length keys.

The relationship between wetlands losses or modifications and the continuation of fishery 
production within the state has been discussed by many authors. However, this relationship is 
likely to be different for the various fishery species. Understanding this relationship for black 
drum should be an ongoing priority.

In the presence of changing regulations, fishery-dependent information is not a reliable 
source of data for assessing the status of a fish stock. However, such data are necessary to 
measure the effects of fishing on that stock. Consistent fishery-dependent and 
fishery-independent data sources, in a comprehensive monitoring plan, are essential to 
understanding the status of fishery stocks, and to identifying causes of changes in stock 
abundance. Present programs should be assessed for adequacy with respect to their ability to 
evaluate stock status, and modified or enhanced to optimize their capabilities.
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Table 5.1 - Results of Yield Per Recruit and SPR Analysis for Black Drum

M=0.1
F  R atio Y P R SPR % SPR % Y P R

Fm ax = 1.000 3.0259 1,889,656 21.80% 100.00%
F0.1 = 0.260 2.4809 4,668,498 53.87% 81.99% B enchm arks 1

F 2 0 %  = 1.084 3.0223 1.733321 20.00% 99.88%
F 3 0 %  = 0.705 2.9862 2399,982 ,30.00% 98.69%

* R egu lations = 0.426 2.7925 3.655,175 1 42.18°A 92.29% E stim ate  1

M=0.15

*

F m ax  =  
F0.1 =  

F 2 0 %  =  
F 3 0 %  = 

R egulations =

F  R a tio  Y P R  SPR  % S P R  % Y P R
2.100 2.1766 426,128 10.85% 100.00%

B enchm arks0.605 1.7506 1,704392 43.40% 80.43%
1.405 2.1260 785399 20.00% 97.67%
0.971 1.9981 1.178.098 30.00% 91.80%
0.376 1.4562 2.201.492 f 56.06°/̂ 66.90% E stim ate

M=0.2
F  R atio  Y P R S P R % S P R %YPR_

Fm ax = 3.000 1.8019 134357 6.51% 100.00%
F0.1 = 1.153 1.5197 625337 30.32% 84.34% B enchm arks

F 2 0 %  = 1.633 1.6709 412,499 20.00% 92.73%
F 3 0 %  = 1.165 1.5248 618.749 30.00% 84.62%

R egulations = 0.326 0.8173 1375.910 {66.11 Vo s 45.36% E stim ate

* R egulations p r io r  to  1995 and  A c t 1316



Figure 5.1 - Commercial Harvest of Black Drum
in Louisiana
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Figure 5.3 - Catch per Effort of Black Drum in Louisiana
NMFS Marine Recreational Fishery Statistics Survey
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Figure 5.4 - Catch per Effort of Black Drum in Seines
Marine Fisheries Division, Monitoring Program
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Figure 5.5 - Catch per Effort of Black Drum in Trammel Nets
Marine Fisheries Division, Monitoring Program
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1.0 INTRODUCTION

i

This document presents the most recent available information regarding the biology of the 
striped mullet M u g i l  c e p h a l u s ,  a description of the Louisiana fishery, assessment of the current 
status of the stock in the State, management goals and specific management recommendations. 
The mullet fishery in Louisiana is still in a developmental stage commercially, and updates may 
be necessary to adequately document changes in fishing methodology, markets, or other factors.

Striped mullet were not targeted commercially in Louisiana until the mid 1970's. An 
abundance of more desirable species of fish in Louisiana waters has served to limit the expansion 
of the striped mullet food fishery. Recent creel surveys and historical information indicate that 
striped mullet are seldom used by the recreational fishery except as a bait species.

The average annual landings of mullet from 1978-1994 was 3,494,296 pounds (1,572,433 
kg). This was a significant increase over landings prior to 1978 and was, in part, a response to 
an increased demand for mullet roe.

As commercial landings grew, concern was expressed by recreational fishers that the 
removal of large quantities of mullet would affect the populations of some recreationally targeted 
species. In its present state, the commercial mullet fishery is probably not affecting food supplies 
for the predatory fishes.

1.1 Status of the Fishery

There currently is little recreational fishery effort directed toward mullet in Louisiana. 
The commercial fishery has expanded in recent years and is currently capable of harvesting all 
mature year classes; however, due to the current market, roe mullet are mainly being targeted. 
The commercial mullet fishery has been impacted by House Bill 1316 passed during the 1995 
Louisiana Legislative Session. The following is but a part of the legislation influencing mullet. 
The fishery is now open on the third Monday of October each year and closes on the third 
Monday in January that is the roe season for this species. No night fishing is allowed and no 
fishing from 5:00 a.m. Saturday through 6:00 p.m. Sunday. Mullet may not be taken outside this 
period.

A review of National Marine Fisheries Service (NMFS) records, indicate landings of 
striped mullet as early as 1930. Although there were significant landings in certain years from 
1930 through 1976, yearly landings during this period were generally low (Figures 3.2 and 3.3). 
Following the development of the roe market in the mid 1970's, landings increased dramatically 
between 1977 and 1989 (Fig. 3.4).

The striped mullet fishery has seen tremendous growth within the last 3-5 years. 
Monitoring of harvest, recruitment, and relative stock size through the Marine Finfish Monitoring 
Program is intended to ensure that current and future harvest levels are sustainable.
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1.2 Problems of the Fishery

The commercial striped mullet fishery has been undergoing a fairly rapid expansion since 
1976. This expansion has been largely due to the increased demand for mullet roe. Since roe 
mullet are the primary target of commercial fishers, harvesting has been directed toward larger 
fish.

The fact that commercial fishers target roe mullet intensifies competition during spawning 
months. The spawning season in the northern Gulf of Mexico extends from October through 
March. During this period large schools of mullet are found throughout coastal Louisiana, both 
inshore and nearshore. Spawning habits of the striped mullet concentrates the fish, thus making 
the fishery highly visible during the peak months.



2 .0  STRIPED MULLET BIOLOGY

The striped mullet belongs to the family Mugilidae. According to Randall (1968), mullet 
are thick-bodied, blunt-snouted fishes with two short-based dorsal fins. Mullet have a mouth 
shaped like an inverted V when viewed from the front. The teeth are minute. Most members of 
the family have a thick-walled gizzard-like stomach and a very long intestine.

2.1 Nomenclature and Taxonomy

Accepted classification of the mullet is that of Greenwood e t  a l .  (1966). Taxa higher than 
Class are not included here.

Class: Osteichthyes 
. Superorder: Acanthopterygii 

Order: Perciformes 
Suborder: Mugiloidei 
Family: Mugilidae 

Genus: M u g i l  
Species: M u g i l  c e p h a l u s

The valid name for the striped mullet is M u g i l  c e p h a l u s  (Linnaeus 1758). The following 
synonymy is adapted from Jordan and Evermann (1896).

M u g i l  c e p h a l u s  Linnaeus, 1758 
M u g i l  a l b a  Linnaeus, 1766 
M u g i l  t a n g  Bloch, 1794 
M u g i l  p l u m i e r i  Bloch, 1794
M u g i l  l i n e a t u s  Mitchill, MS; Cuvier and Valenciennes, 1836
M u g i l  r a m m e l s b e r g i i  Tschudi, 1845
M u g i l  b e r l a n d i e r i  G i r a r d ,  1859
M u g i l  g u n t h e r i  Gill, 1863
M u g i l  m e x i c a n u s  Steindachner, 1875
M u g i l  a l b u l a  Jordan and Gilbert, 1883
M u g i l  c e p h a l u s  Jordan and Swain, 1884
Q u e r i m a n a  g y r a n s  Jordan and Gilbert, 1884

The striped mullet is the most abundant of the three members of the family Mugilidae 
found in waters of the northwestern Gulf of Mexico (Hoese and Moore 1977). The relationships 
within the family have been outlined by Ebeling (1957, 1961).

Striped mullet is the preferred common name recognized for M u g i l  c e p h a l u s  by the 
American Fisheries Society (Robins e t  a l .  1980). Other common names include common mullet, 
grey mullet, black mullet, jumping mullet, whirligig mullet, molly, callifavor, menille, mulle'
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(La. French, phonetic spelling), cefalo, macho, machuto, liza, lisa, and lisa cabezuda (Spanish 
of various regions) (Jordan and Evermann 1896, Gowanloch 1933, De Sylva e t  a l .  1956, Hoese 
and Moore 1977, Collins 1985).

2.2 Distribution

M u g i l  c e p h a l u s  is found in coastal waters, roughly between 42 degrees North and 42 
degrees South. It is present in the western Atlantic from Brazil to Nova Scotia (Hoese and Moore 
1977) but absent from the Bahamas and most of the West Indies and Caribbean (Robins e t  a l . t 
1986).

2.2.1 Louisiana Distribution

In Louisiana the striped mullet can be found in rivers, lakes, bays, bayous, and canals as 
well as along the coast in fresh, brackish and salt water. Generally, mature adults move offshore 
to spawn during the fall and winter months but later return.

Based on numerous otter trawl, gill, seine and trammel net samples taken across coastal 
Louisiana by the Dept, of Wildlife and Fisheries, the striped mullet was by far the most abundant 
mullet species caught. White mullet ( M u g i l  c u r e m a )  catch was very small (Judd Pollard, DWF, 
pers. comm.), and mountain mullet ( A g o n o s t o m u s  m o n t i c o l a )  has only rarely been taken in 
Louisiana waters (Suttkus 1956).

2.3 Stock Identification

Rivas (1980) reported that, based on tagging studies, striped mullet from the Gulf of 
Mexico are separated from those of the eastern coast of Florida and farther north. These findings 
were later confirmed by racial studies based on meristic and proportional characters. No data 
were found to show whether a break exists between the Gulf and the Caribbean Sea around the 
outer tip of the Yucatan Peninsula. There is basically one stock of striped mullet in the Gulf of 
Mexico with small variation at a few alleles (Lazuski e t  a l .  1989). Campton and Mahmoudi
(1991) stated that no protein electrophoretic evidence for genetic substructuring of striped mullet 
populations was found in allozyme polymorphisms between the east and west coasts of Florida 
based on spatial patterns of variation. In general, allele frequency variations among samples 
within locales were as great or greater than the variation among locales. Thompson e t  a l .  (1991) 
also found no differences in enzyme polymorphisms in striped mullet collected from various 
locations across Louisiana, or between those areas and mullet from Pascagoula River, Mississippi, 
Mobile Bay, Alabama, and Charleston Bay, South Carolina. They did note differences between 
S.E. U.S. mullet and specimens from Oahu and Hilo, Hawaii. Crosetti e t  a l .  (1994) did 
demonstrate significant differences between populations in worldwide sampling of mitochondrial 
DNA genotypes. Crosetti e t  a l .  (1994) only examined striped mullet from North Carolina out
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of the Western Atlantic, so this data is of limited use in attempting to define sub-populations at 
a local level except through analogy. They found that different areas within major ocean basins 
were relatively similar, and that the major differences that they found were between populations 
in different basins.

Schooling behavior of mullet presents some interesting questions regarding the genetic 
relation among individuals within schools. A*significant result at one locus (P<0.001) regarding 
homogeneity of allele frequencies suggests some form of non-random demographic structuring 
may be associated with schools of mullet (Mahmoudi 1989).

The following description is summarized from Martin and Drewry (1978), who compiled 
data from a wide variety of sources, De Sylva e t  a l .  (1956), and from Fahay (1983).

D. IV-I,7-8; A. Ill,8; C. 7+7, procurrent rays 7-8+7-S; V. 1,5; lateral line scales 
37-43, vertebrae 11+13 or 12+12, first interneural bifurcate above seventh vertebra; 
gill rakers 24-36+50-76, numbers increasing with size; primary teeth uniserial, 
simple, 57-101 in upper jaw, 97-149 in lower jaw; secondary teeth in bands, bicuspid, 
numerous, number increasing with size; no teeth on vomer or palatines.

Head 25.4-27.7; maxillary 7.0; interorbital width 9.3-10.4; body depth 25.4-26; first 
predorsal 50.8-57.1; second predorsal 74.6; preanal 73.0-73.5; prepelvic 39.4-39.5; 
first dorsal base 12.8-13.3; second dorsal base 10.6; second dorsal height 14.3-14.4; 
anal fin height 15.0-15.5; pectoral length 17.3-17.6; pelvic length 15.2-15.3; all being 
percent standard length (SL) means for 2 samples of 25 specimens (De Sylva e t  a l .  
1956)

Body robust, moderately elongate, compressed; lower profile strongly curved from 
snout to caudal peduncle, upper profile less curved, but arched slightly from snout to 
first dorsal fin origin; body oval in cross section; caudal peduncle rather strongly 
compressed. Head massive, somewhat broader than deep; interorbital flat, short, and 
broad, its width more than twice eye diameter; snout shorter than eye, blunt or 
rounded anteriorly with a strong taper in dorsal view; some scales on top of head 
slightly enlarged; anterior and posterior nostrils widely separated. Mouth moderate, 
oblique, jaws weak; lower jaw included; maxillary hidden when jaws closed, its 
posterior end moving forward when mouth opened; lower lip with a thin edge directed 
horizontally forward or nearly so. Gape somewhat broader than deep. Gill openings 
wide, gill membranes free of the isthmus; gill rakers numerous, long, slender, and 
close-set; pseudobranchiae large. A prominent adipose eyelid almost obscuring eye, 
covering preorbital anteriorly and extending almost twice as far posteriorly, leaving 
a narrow slit over pupil. Scales moderate, cylcoid or feebly ctenoid. Lateral line 
inconspicuous. Pectoral fins above midline, at level of eye, originating about length
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of head behind eye; tips pointed, not reaching first dorsal origin; a distinctly enlarged 
scale in pectoral axil; pelvic fins subabdominal; origin of first dorsal fin over pelvics; 
first dorsal spine longest, others graduated, last spine about half as long as first; 
origin of second dorsal fin slightly behind anal origin; upper margin concave, longest 
ray nearly same length as longest spine of first dorsal; anal fin about same size and 
shape as second dorsal but margin less concave; caudal deeply forked, longest rays 
nearly as long as head, shortest about half as long. Fine scales extending onto caudal 
fin and some on anterior rays of second dorsal and anal.

Pigmentation: Color varies with habitat and salinity, in fresh water very dark dorsally 
with overlay of dirty brown or bluish color, dull white ventrally; in marine waters 
dorsum olive green, sides silvery, venter off-white. In general, dorsum grayish olive, 
grayish blue, grayish brown, bluish brown or dark blue; shading to silvery white on 
sides and white or pale yellow ventrally; many brown spots on sides, organized into 
rows along scale centers on upper half, forming 5 to 10 dark longitudinal stripes on 
upper scale series down to about the tenth, lower band not extending beyond anal 
origin. Sometimes a terminal caudal bar in migrating adults. Fins dusky, minutely 
dotted with black, except pelvics, which are a pale yellowish color; pectoral black at 
base of upper rays and distally, with a narrow pale margin, inner surface almost 
black; margin and last few rays of anal fin pale. A dark blue streak or spot in the axil 
of pectoral. A golden ring around the iris.

2.4.1 Larvae and Juveniles

Development of the larval stage was described from hatching by Yashouv and 
Bemer-Smsonov (1970) from Mediterranean specimens. Anderson (1958) described development 
from 4.0 millimeters (mm) larvae through the prejuvenile stage from material taken off the 
southeastern coast of the United States. Grant and Spain (1975) provided data on developmental 
morphology from the prejuvenile stage to adult. Ditty and Shaw (1996) provided characters for 
separating M u g i l  c e p h a l u s  from M .  c u r e m a  and A g o n o s t o m u s  m o n t i c o l a  larvae.

According to Thomson (1963), larval mullet average 2.4 mm total length (TL) at hatching. 
They lack a branchial skeleton, pectoral as well as pelvic fins, and even a mouth. Clearly 
noticeable jaws, organized internal organs, and developing fin buds can be seen in 5 day old 
specimens (approximately 2.8 mm in length). Meristic and morphological growth and 
development continue until the fish are approximately 16-20 mm SL. At this point they move to 
inshore waters and estuaries (Kilby 1949, Anderson 1958). The migrating M u g i l  c e p h a l u s  have 
2 spines and 9 rays in the anal fin (the "Querimana stage") until they grow to 35-45 mm SL. At 
this size, the first ray fuses into a third spine, the adipose eyelid becomes visible and the fish is 
considered a juvenile (Anderson 1958).
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2.4.2 Adults

Distinctive characters stated by Fischer (1978) are as follows: "Body rather stout. Head 
broad, interorbital area flat; head length 27-29 percent of standard length; fatty (adipose) tissue 
covering most of eye; lips thin, terminal; lower lip with a high symphysial knob; hind end of 
upper jaw just reaching vertical from anterior rim of eye; teeth labial, fine, 1 to 6 rows in upper 
lip, 1 to 4 in lower, outer row unicuspid, inner rows usually bicuspid; preorbital slender, filling 
only half the space between lip and eye. Origin of first dorsal fin nearer to tip of snout than to 
caudal fin base; second dorsal fin origin on a vertical from between a quarter and a half along anal 
fin base; pectoral axillary scale 33 to 36 percent of pectoral fin length; pectoral fin 66 to 74 
percent of head length; anal fin with 8 (very rarely 7) soft rays. Scales in lateral series 38 to 42; 
second dorsal and anal fins lightly scaled anteriorly and along base.

The color of the striped mullet is olive green on back, silvery on sides, shading to white 
below; 6 or 7 indistinct longitudinal brown bars on flanks; a dark purplish blotch at base of 
pectoral fin".

2.5 Reproduction

2.5.1 Age, Length, and Weight at First Spawn

It has been suggested that portions of some populations of M u g i l  c e p h a l u s  can become 
mature by one (males) to two (females) years of age (Jhingran and Mishra 1962). Thompson e t  
a l .  (1991) observed that male and female Louisiana striped mullet were generally mature at age 
two, although some females were not mature until age three. Collins (1985), using data from 
Broadhead (1953, 1958) and Rivas (1980), reported that mullet mature from 200-300 mm SL, 
with females maturing at a slightly larger size than males. Although some fish reach maturity in 
their second year, most mature in three. Broadhead (1953) showed a weight-length graph of 
spawning and non-spawning Florida mullet in 1951: the minimum length and weight for spawning 
females was 276 mm and about 305 grams; for males it was 286 mm and approximately 330 
grams.

Thompson e t  a l .  (1990) used the criteria that maturity is reached when 50% of the 
individuals in a population develop functional gonads and stated Louisiana striped mullet males 
mature around 200 to 220 mm fork length (FL) and females around 220 to 230 mm FL. All their 
specimens less than 160 mm FL were immature and indistinguishable sexually while all males 
over 280 mm FL and all females larger than 290 mm FL were mature.
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2.5.2 Fecundity

Futch (1966) stated that adult females produced from 1.2 to 2.7 million eggs in a single 
spawning, whereas Broadhead (1953) reported estimated fecundity between 0.5 to 2.0 million 
eggs, depending on the size of the female. Shehadeh e t  a l .  (1973) calculated a fecundity value 
of 648 plus or minus 62 eggs/g. of body weight.

Fecundity estimates for 67 Louisiana specimens ranged from 2.7 x 105 to 3.7 x 106 eggs 
per individual (Thompson e t  a l .  1990). Thompson e t  a l .  (1991) stated fecundity increased 
proportionately to body size. Fecundity of an individual correlated well with standard length (F =
5.6 x 10'3 (SL)314 ,^=0.85) and fork length (F= 5.6 x 10'3 (SL)314, r2=0.85). Relative fecundity 
(expressed as the number of eggs per gram of eviscerated body weight) ranged from 798 to 2616 
eggs/gram from fish 290 to 568 mm FL.

Ovaries from female Louisiana striped mullet sampled from February through August 
possessed only resting primary growth oocytes (Thompson e t  a l .  1990). This agreed with 
Abraham e t  a l .  (1966) who also noticed a long resting non-reproductive period for striped mullet 
in Israel.

Mean girth of female Louisiana striped mullet increased 11 % between September and 
November (Thompson e t  a l .  1989). This increase in mean girth was strongly associated with 
ovary maturation and development. Thompson e t  a l .  (1990) stated gonadosomatic index values 
supported histological development data showing Louisiana's striped mullet reached maximum 
reproductive development during November and December.

2.5.3 Season and Duration of Spawn

The spawning season in the northern Gulf of Mexico generally extends from October 
through February or March (Anderson 1958, Hoese 1965, Ditty and Shaw 1996). Striped mullet 
in Louisiana were observed entering the spawning season in late September and October by 
Russell e t  a l .  (1986). They based their findings on the fact that red-yellow egg material in 
females and milky white spermatozoan material in males was discharged when pressure was 
applied near the urogenital opening. Maximum gonad maturation and development extended from 
late fall to mid winter, and was concentrated in Louisiana between early November and early 
January (Thompson e t a l .  1990, 1991; Render e t a l . ,  1995),

Thomson (1955) reported that some females in Australia spawn only in alternate years. 
Shireman (1975) found evidence for this in Louisiana freshwater areas and implied this could also 
be the case for other mullet in U.S. waters. Render e t  a l .  (1995) described three conditions of 
anomalous ovarian development in Louisiana striped mullet, producing unusually low gonosomatic 
index (GSI) values. These anomalous conditions included (1) ovaries with arrested oocyte 
development at the cortical alveolar stage, (2) very small ovaries with low numbers of normal 
oocytes undergoing development, and (3) diseased ovaries, with atresia of advanced oocytes and
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a proliferation of red blood cells and intercellular material. Presence of these types of conditions 
could have led Thomson (1955) and Shireman (1975) to their conclusions regarding spawning in 
alternate years, since a portion of the population examined by those researchers would have 
appeared to not be developing ovaries for the incipient spawn. Shireman (1975) reported atretic 
oocytes in some ripe female mullet taken in freshwater areas in Louisiana, but did not mention 
the other characteristics described by Render e t  a l .  (1995).

Oocyte development patterns reported by Thompson e t  a l  (1991) and Render e t  a l .  (1995) 
indicated that striped mullet are isochronal spawners that possess synchronous oocyte maturation.
These researchers reported that in September, a small number of oocytes progressed to the 

cortical alveolar and early vitellogenic stages, while most oocytes remained in the primary stage. 
During October, ovaries contained a synchronous group of developing vitellogenic oocytes, while 
earlier stage oocytes disappeared, either through maturation or atresia. Ovaries in the vitellogenic 
stage were found from early November through early January. No hydrated oocytes nor ovaries 
with post-ovulatory follicles were found in Louisiana coastal estuarine waters (Render e t  a l .  
1995).

The duration of spawn seems to be short. Within a week after the spawning migration, 
fishermen observed spent male and female mullet in their catches. In addition, Leard (1995) 
mentioned an unpublished tagging study by the University of Miami that found two tagged mature 
mullet that were re-collected as spent fish within fourteen days of being tagged at the same 
location where they were set free. These findings suggest that the spawning process is not long, 
that the fish may not swim far, and that they may return to the same place.

Thompson e t  a l  (1989) found that by February, primary stage oocytes in Louisiana striped 
mullet were dominant, indicating cessation of reproductive activity and a return to resting stage 
ovaries. Cessation of reproductive activity was further evidenced by an increased proportion of 
atretic mature oocytes during February.

Thompson e t  a l .  (1989) measured egg diameters of leading stage oocytes of Louisiana 
striped mullet through the reproductive season and found mean egg diameter increased from 0.21 
mm in September to 0.56 mm in early November. They stated egg diameter from November to 
late December appeared to reach a plateau with diameters from 0.53 to 0.56 mm and then 
decreased towards February (0.19 mm). Terminal mean oocyte diameter was not known since 
oocytes in hydrated condition were not observed (Thompson e t  a l .  1989). Oocyte diameter before 
spawning was reported by Pien and Liao (1975) as 0.60 to 0.70 mm, increasing to 0.90 to 0.95 
mm during hydration.

2.5.4 Temperature. PhotopedotL-Md Habitat

There have been no reports of precise water temperatures associated with mullet spawning 
in the wild. However, Tung (1970) reported that the best temperatures from which to catch 
migrating spawners ranged from 21-25 degrees centigrade (°C). Kuo e t  a l .  (1974) discovered that
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the temperature most favoring the completion of oogenesis in captive M u g i l  c e p h a l u s  was 21° C. 
Sylvester e t  a l .  (1975) were able to spawn striped mullet by hormone induction between 22.8- 
23.5° C.

A study by Dindo e t  a l .  (1978) reported that when the natural photoperiod is shortening 
(less than 12 hours) and the temperature falls to approximately 20° C in September and October, 
there is a concurrent initiation of rapid gonadal growth and reproductive readiness.

The habitat in which mullet spawn has been researched by many investigators. Mullet 
have been reported to spawn inshore (Breder 1940), along beaches (Gunter 1945), 8 to 32 
kilometers offshore (Broadhead 1953), and in water deeper than 40 meters (Anderson 1958). 
Arnold and Thompson (1958) documented mullet spawning 65 to 80 km offshore in the Gulf of 
Mexico in water 1000-1800 meters deep. Major (1978) reported that mullet mostly spawn in 
relatively deep, cool coastal waters. Fischer (1978) stated mullet form large aggregations during 
spawning, which takes place in the ocean, near the surface, over deep water toward the edge of 
the continental shelf. Collins (1985) declared that mullet spawn over a wide range of coastal 
waters but that most spawn offshore. Robins e t  a l . ,  (1986), stated that all individuals spawn 
offshore. The current consensus is that most mullet spawn offshore. Earlier reports of inshore 
spawning may have been due to the speed of the offshore movement and spawn.

Thompson e t  a l .  (1990) indicated that the absence of post-vitellogenic oocytes in their 
samples supported the contention that striped mullet spawn offshore (Arnold and Thompson 1958, 
Greeley e t  a l .  1987). Oocytes reach a terminal vitellogenic oocyte diameter and then arrest 
development until movement offshore occurs (Thompson e t  a l .  1990). Further evidence of 
offshore spawning is reflected in the fact that no post-ovulatory follicles were observed 
histologically from striped mullet collected in inshore estuarine waters (Thompson e t  a l .  1990). 
Post-ovulatory follicles can be seen historically for a relatively short time (Hunter and Goldberg 
1980, Hunter and Macewicz 1985) after spawning and can be used to give direct evidence of 
spawning (Thompson e t  a l .  1989).

2.5.5 Courtship and Spawning Behavior

According to Shireman (1975), mature mullet frequently form large schools and swim 
offshore to spawn in the fall and winter. Sexually mature fish that live in freshwater either resorb 
their gonads or move to the sea to spawn. Peterson (1976) observed that swimming speed during 
migration is much greater than that predicted to be energetically optimal, possibly because of the 
augmented hydromechanical efficiency provided by schooling and the selective force of heavy 
predation during spawning migrations.

According to Futch (1966) eggs are discharged into the water and nearby males fertilize 
them. Arnold and Thompson (1958) reported apparent spawning of striped mullet at night in the 
Gulf of Mexico from visual observation while drifting in 755 fathoms (1381 meters) of water as 
follows:
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"In a typical group, the males, noticeably smaller and more slender, 
maintained positions slightly behind what was ostensibly a female. Five or six 
times while they remained in view, one or more of the males would quickly move 
up beside or below the female, nudging and pressing against her abdomen with 
head and body. Often during this action the individuals thus engaged would quiver 
and cease swimming momentarily, sometimes rising to the surface. The 
unoccupied males swam rapidly back and forth in the immediate vicinity until they 
in turn behaved in a similar fashion."

Thompson et al. (1991) examined the first record of an hermaphroditic striped mullet in 
spawning condition taken in U. S. waters (near shore off Mississippi). That this mullet could act 
functionally as both female and male or have the ability of self-fertilization could not be 
completely discarded ( Thompson et al. 1991).

2.5 .6  Incubation

Thomson (1963) described Mugil cephalus eggs as buoyant, clear, strawcolored, non
adhesive, and spherical. They averaged 0.72 mm in diameter and hatched approximately 48 hours 
after being fertilized.

2.6 Age and Growth

According to Rivas (1980) mullet may live four or more years. Shireman (1964) reported 
m ullet up to four years old from Maringouin Bayou, Louisiana in 1961-62. Thompson et al. 
(1991) reported that Louisiana striped mullet have a maximum life span of approximately nine 
years but relatively few live longer than six years. Thomson (1963) stated the maximum age as 
13 years. Bardach et al. (1972) stated that mullet reach lengths of 50-55 cm and weights of 1.2-
2 .0 kg. in 4 to 6 years, but it is unclear whether they are discussing growth in the wild, or in 
aquaculture situations. Thompson etal. (1989) reported that for striped mullet, variability in age 
at a given length indicated that length is a poor estimator o f age. Age validation of striped mullet 
in Louisiana waters showed a single annulus being formed between April and August (Thompson 
etal. 1989).

Futch (1966) reported that larval mullet (approximately 2.5 mm long) grew into postlarvae 
in about 7 days. As they increase in size, they move inshore and when they reach a length of 20- 
30 mm move into the grassy parts of brackish water bays. Within 5 months they grew to 50 mm 
juveniles. When they were one year old they were about 185 mm. In their second year, at 
approximately 265 mm, they became available to the commercial fishery.

Fishery-independent seine samples taken by the Department of Wildlife and Fisheries 
indicate that striped mullet about 20 mm TL were found in November and December, but that 
more young-of-the-year (YOY) individuals were taken in the 20-50 mm range between January
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and April. During May and June, relatively few fish less than 30 mm TL were found, and by 
August, few juveniles remained less than 50 mm TL. The mode of the YOY length frequency 
was about 70 mm in June, 100 mm by September, and 120 mm by December. Growth rates over 
the first year of life are apparent in the graphed data (Figure 2.1). During the second spring of 
life, the fish are less effectively sampled by the seine gear and this, combined with variation in 
individual growth rates reduces the ease by which growth rates can be distinguished in this figure.

Thompson et al. (1990) suggested that Louisiana striped mullet complete much of their 
yearly otolith growth between July and November, before the reproductive season, and little 
additional otolith growth takes place during winter and early spring. Even though this is in 
contrast to suggestions presented by Cech and Wohlschlag (1975), it is consistent with the notion 
that mullet undergo somatic growth from July through October, then concentrate on oocyte (or 
testicular) maturation. Thompson et al. (1990) thought the growth stasis found between January 
and March could be a post-spawning recovery period.

Broadhead (1958) stated females were bigger and grew a little faster than males of identical 
age. Thompson et al. (1991) reported that growth models o f Louisiana striped mullet showed 
significant differences between males and females in both length at age and weight at age. Futch 
(1966) found a rough correlation between average water temperature and size and age at maturity. 
Individuals from higher temperature areas matured faster than those from lower temperature areas. 
Rivas (1980) reported that growth of striped mullet during spring and summer is m ore than double 
the growth during fall and winter, and he believed the phenomenon to be related to temperature. 
He proposed that in the Gulf o f Mexico, growth in length gradually slows as the fish become 
larger, and reaches an asymptote at an average length of 600 mm total length (TL), at probably
5-6 years o f age.

Louisiana striped mullet 4 and 5 years old averaged between 350 and 390 mm FL 
(Thompson et al. 1989). Thompson et al. (1990) found a near-linear growth rate to age 3 and a 
later typical asymptotic pattern with fork lengths leveling off at approximately 350 mm 
(Thompson et al. 1990). Thompson et al. (1991) reported von Bertalanffy growth models as 
follows for Louisiana striped mullet:

; Female length: L, =  471.70 [1 - e-a28(t-°'03)]
Female weight: Wt =  643.57 [1 - e"0-88̂ 11^]2-93

Male length: L, =  366.98 [1 - e -°36(t=015)]
Male weight: Wt =  545.37 [1 - e 4:50(t4,-16)]2-93

They also noted that fish collected East of the Mississippi River showed different growth 
parameters from those taken W est o f the River, but noted that collection methods were different 
for the fish taken from different parts of the state, which could have influenced the parameter 
estimates.

Robins et al. (1986) reported Mugil cephalus to reach a maximum size o f 910 mm but 
added that individuals found are usually less than 510 mm TL. However, a 914 mm TL specimen 
was found in India (Gopalakrishman 1971). A striped mullet caught from Florida's west coast 
was reported to have a fork length o f 698 mm and a weight o f 4.4 kg and unconfirmed records
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o f 9.1 kg and 6.8 kg have been reported from Mexico and Hawaii, respectively (Topp and 
Beaumariage 1971). Thompson et al. (1991) obtained striped mullet from the U. S. Sabine 
National Wildlife Refuge (Louisiana) from 483 to 590 mm FL and weights to over 8 pounds (3.7 
kg).

Thompson et al. (1991) stated that over the entire range of striped mullet examined, 
length-weight, girth-weight, and otolith-body weight relationships did not differ significantly 
between males and females. However, analysis of striped mullet (mostly females) obtained from 
the U. S. Sabine National Wildlife Refuge showed that their growth and reproductive parameters 
differed from mullet obtained from the Louisiana Department of Wildlife and Fisheries. The fork 
length/total weight relationship reported by Thompson et al. (1991) was:

TW  =  2.1 x lO"5 (FL)2-93 (r2 - 0.99).

2 .7  Other Life History Aspects

2.7.1 Food Habits

Mullet are primary consumers that feed mostly on relatively tiny living and dead vegetable 
m atter (Collins 1985). According to De Silva (1980) most researchers now agree that larval 
mullet mainly eat microcrustaceans. Nash et al. (1974) grew larvae to 20 mm SL using animal 
m atter as a food source and thus demonstrated the dependence of larvae and postlarvae on 
zooplankton. In Indian River Lagoon (Florida), stomach content analyses were performed on 
nearly 400 Mugil cephalus larvae up to 35 mm SL. Larvae up to 15 mm SL ate almost exclusively 
copepods (70%) and mosquito larvae (30%); those in the 15-25 mm SL range consumed copepods 
(50% ), mosquito larvae (15%), and plant debris (35%); larvae 25-35 mm SL ingested mainly 
plant debris (80%) and copepods (10%) (Harrington and Harrington 1961). DeSilva and 
Wijeyaratne (1977) discovered that the proportion of sand and detritus in the gut of juveniles 
increases with length, indicating they tend to take more food from the bottom as they grow older. 
However, Odum (1968) found that mullet 35-80 mm in length fed on a bloom of the dinoflagellate 
Kryptoperidinum sp. and Futch (1976) stated that if non-toxic plankton blooms are available, 
mullet will feed almost entirely on plankton.

Mullet frequently feed by sucking up the uppermost layer of sediment, which is rich in 
detritus and microscopic algae, and by ingesting the epifauna and epiphytes on seagrasses and 
other substrates. They also eat surface .scum when large amounts of microalgae can be found at 
the air-water interface (Odum 1970). Bishop and Miglarese (1978) reported that they also ingest 
polychaetes {Nereis succinea) in the water column. In some freshwater environments Mugil 
cephalus was found to eat mainly benthic filamentous green algae and epifauna and epiphytes on 
aquatic macrophytes (Collins 1981), but they also consume sediment for grinding.

The time of peak feeding activity varies with site. Odum (1970) found that in all the 
Florida habitats he studied, feeding varied with the height of the tide, whereas in the saltwater 
(Cedar Key, Florida) and freshwater (Crystal River, Florida) locations studied by Collins (1981)
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feeding was completely diurnal and had no relation to tidal stage. According to DeSilva and 
W ijeyaratne (1977), Mugil cephalus showed diurnal periodicity in feeding activity. Peaks of 
activity were observed at dawn and around midday and these were not related to tidal stage. 
Brusle (1970) also stated that striped mullet feed during the day, Tabb and Manning (1961) 
reported the species often feed on flats at night and returns to channels in the daytime.

2.7.2 General Behavior

Broadhead and Mefford (1956) found that Mugil cephalus tagged and released just before 
spawning have as high a recovery rate as individuals released at other times of the year. This 
contradicts the belief held by some fishermen that mullet do not return after spawning and are 
therefore lost to the fishery.

Russell et al. (1987) observed that few species were caught as bycatch in gill nets and haul 
seines targeting striped mullet. They believed this to be due to the tight schooling behavior of the 
mullet.

Mahmoudi (1989) stated that mullet form large schools during spawning months in inshore 
waters and may move offshore in large numbers during these months. After returning from 
spawning offshore, schools disperse and move to tributaries during spring and summer months.. 
Thompson et al. (1990) reported that as striped mullet move seaward through the estuaries toward 
open marine waters, there appear to be "staging" areas where the schools temporarily delay 
migration as schools coalesce into larger, massive concentrations. In southeast Louisiana, these 
coalescing schools can be found in Lake Borgne and Breton Sound (Thompson et al. 1990). 
Estuarine waters remaining warm late into the fall, and fall hurricanes may delay or disrupt these 
movements (Thompson et al. 1990). Thomson (1963) reported the timing of the offshore 
migration may vary as much as two months. Idyll and Sutton (1952) observed that migrations 
were not extensive in Florida, with 90% o f their tagged mullet moving less than 32 km.

According to Hoese (1985) Mugil cephalus seems to have the same behavior as that 
described for Rhinomugil corsula by Hora (1938), as individuals of a school place much o f the 
mouth, eye and the upper part o f the opercle above the surface. This behavior, together with 
rolling and jumping, is thought to move air into the upper posterior portion of the pharynx where 
it is utilized for aerial respiration. The main evidence cited is that jumping frequencies are 
inversely correlated with dissolved oxygen concentrations, and that the pharyngobranchial organ 
has the ability to hold gas.

Hoese (1985) stated that escape jumps from predators or from fright are easily recognized 
because several disturbed fish jum p together and they maintain an upright posture, entering the 
water cleanly. The normal jump is not as fast and not as long, and the mullet usually turns on its 
side or sometimes turns totally upside down before entering the water. Such easy jum ps would 
not seem to be adequate in either dislodging parasites or fleeing, but would be one way to irrigate 
the pharyngeal chamber with air with a little expenditure of energy.
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Juvenile Mugil cephalus 40-69 mm long can live in salinities ranging from 0-35 ppt. 
Mullet spend the remaining first year o f their life in coastal waters, salt marshes and estuaries, 
and frequently swim to deeper water in the fall when the adults move offshore to spawn. 
However, many immature mullet overwinter in estuaries. Following their first year, striped 
m ullet live in the ocean, saltmarshes, estuaries or freshwater rivers (Nordlie et al. 1982). It 
seems that on some occasions females are much more abundant than males in fresh and brackish 
water habitats (Shireman 1975, Collins 1981).

2.7.3 Pathology

Mullet are frequent hosts to parasitic infections and infestations. Collins (1958) found that 
in almost 300 adult mullet from saltwater and freshwater habitats on Florida's Gulf coast, all fish 
had parasites either on the body surface or gills.

Bacteria have attributed to individual Mugil cephalus mortalities. Lewis et al. (1970) 
documented deaths caused by a Pasteurella-like bacterium in Galveston Bay, Texas in November 
1968. Substantial mucoid material covered the gill filaments and purulent material was found in 
abdominal cavities of sick fish. Plumb et a / .,(1974) isolated a species of Streptococcus from 
mullet and other dying fishes from Florida to Alabama in August and September of 1972 and 
suggested that this bacterium was responsible. Cook and Lofton (1975) infected five species of 
fishes including Mugil cephalus with the bacterium and observed erratic swimming, external 
hemorrhagic lesions, peritoneal cavities, and intestines filled with a bloody fluid. Paperna and 
Overstreet (1981) stated Donald H. Lewis of Texas A&M University found many mullet from 
near Galveston, Texas, with Vibrio anguillarum during early spring. These fish developed 
petechial hemorrhages in and at the base o f the fins, in the oral cavity and around the vent while 
being transported to the lab. Lewis also saw loss of scales and large lesions on the abdominal 
wall of mullet; Pseudomonas sp. was most often present in the lesions, liver and frequently the 
blood.

Bacteria in or on mullet can also cause disease in man by touching or eating the fish 
(Paperna and Overstreet 1981). Janssen (1970) pointed out the need for further research in public 
health. Some of the bacteria taken from fishes are Aeromonas hydrophilia, Mycobacterium 
marinum, M. fortuitum. Vibrio parahaemolyticus, Erysipelothrix rhusiopathiae and Leptospira 
icterohaemorhagiae. All of the aforementioned can cause disease in man. Mullet can be vectors 
for cholera, salmonellosis, shigellosis, and probably other diseases besides those caused by the 
aforementioned bacteria. Most bacterial diseases that could be acquired from mullet can be 
prevented via cooking the fish (Paperna and Overstreet 1981).

Fungi which infect mullet, include the water-mould, Saprolegnia sp. (Sarig 1971). Mullet 
dying from this water-mould have been documented as well.

Flagellates also attack mullet. The parasitic dinoflagellate Amyloodinium ocellatum 
(Brown) or a closely related species, sometimes infests striped mullet in Mississippi and can easily
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kill most pond fishes (Paperna and Overstreet 1981). A. ocellatum and related species become 
detrimental to confined fish because of their reproductive capabilities. Fresh-water baths were 
effective against A. ocellatum whereas most tested chemicals (Lawler, in preparation) seldom 
were. In Mississippi, Trypanosoma mugicola occurs in the blood of striped mullet but appears 
to have no effect.

Ciliates can also be found in striped mullet. Skinner (1974) pointed out an unidentified 
trichodinid on Mugil cephalus from Florida closely resembling Trichodina halli. W hat seems to 
be two species o f trichodinids in the gill area and on the integument live on striped mullet and 
white mullet (M. curema) from at least Louisiana to Florida. One or both species were observed 
in Mugil cephalus being raised in ponds at Rockefeller Refuge, Grand Chenier, Louisiana, 
(Overstreet, unpublished data). Frequently Scyphidia sp. (another peritrich) also lived on the 
integument and gills. The ciliate known as 'ich* (Ichthyophthirius multifiliis is one o f the most 
devastating parasitic diseases which attacks mullet and other fishes restricted to freshwater ponds 
or aquaria (Paperna and Overstreet 1981). Striped mullet fall prey to Cryptocaryon irritans, 
which is /. multifiliis salt water counterpart. Wilkie and Gordin (1969) found the fish vulnerable 
to this parasite when marine waters were warmer than 15° C.

Haemogregarina mugili is an Apicomplexa (taxonomic division which includes most taxa 
previously belonging to the Sporozoa) that infects only mullets. Saunders (1964) and Becker and 
Overstreet (in preparation) have observed it in striped mullet in Florida and Mississippi, 
respectively.

Mugil cephalus also hosts cysts o f one or more species of Kudoa in Mississippi. These 
infections are found in the musculature and along the alimentary tract (Paperna and Overstreet 
1981).

The parasite Myxosoma cephalus was found in Mugil cephalus from south Florida 
(Paperna and Overstreet 1981). It was discovered in the meninges, gill arches and filaments, 
buccal cavity, jawbone, crop, esophagus, intestine, liver and mesentery of the fish. This species 
was thought to have caused the heavy mortality of striped mullet in southern Florida in 1964 
(Iversen^Chitty and Van Meter 1971). Material obtained from the brain-cavity and elsewhere 
pointed to this pathogen. More than one species of this complex can be found in mullet in 
America

Parasitic copepods also infect striped mullet (Paperna and Overstreet 1981). The ergasilids. 
Ergasilus lime, E, versicolor, and two other forms parasitize Mugil cephalus in the United States 
(Johnson and Rogers 1973). Besides, several specimens of E. funduli, in areas heavy with 
cyprinodontid fishes frequently infest young or, sometimes, adult mullet. E. longimanus has been 
reported from Florida (Skinner 1974). Paperna and Overstreet (1981) stated that probably other 
ergasilid species parasitize mullet and pointed to ergasilids heavily infesting striped mullet in 
ponds at the Rockefeller Refuge near Grand Chenier, Louisiana. The fish however did not appear 
emaciated. The cyclopoid Bomolochus concinnus, plagues Mugil cephalus in the southeastern U. 
S. This parasite was observed in 20 of 83 fish with each fish having between 2-25 individuals in

16



Biscayne Bay, Florida (Skinner 1974). Bomobchus teres and B. exilipes parasitized striped mullet 
in Texas (Pearse 1952, Causey 1953). Naobranchia lizae, a naobranchiid, has been found on the 
gills of striped mullet in the Gulf of Mexico (Paperna and Overstreet 1981). The lerneopodids 
ChveUopsis robusta, Alelb longimana and Clavella inversa also plague Mugil cephalus from the 
Gulf of Mexico (Paperna and Overstreet 1981).

Argulus flavescens and A. floridensis (parasitic crustaceans that belong to the Branchiura) 
infest mullet throughout the Gulf Coast of the U. S. (Cressey 1972). A new species o f Argulus 
was collected from Mugil cephalus in Mississippi (Overstreet 1974). There is definite evidence 
that species of Argulus have killed fishes in enclosed areas and therefore, they should be regarded 
as a threat to mullet in aquaculture (Paperna and Overstreet 1981).

Isopods also feed on striped mullet. The cymothoid Merocila acuminata (synonymous 
with a species closely related to N. lanceolata) parasitizes Mugil cephalus in Texas.

Monogeneans may be found on the gills and body of fishes. A new species of gyrodactylid 
plagues striped mullet in Florida (Skinner 1974). The dactylogyrid Ancyrocephalus vanbenedenii 
infests Mugil cephalus in the Gulf of Mexico.

Digenetic trematodes or flukes usually are the most abundant helminths in number of 
species and individuals (Paperna and Overstreet 1981). Table 1 from Paperna and Overstreet 
(1981), depicts adult digeneans observed in striped mullet in Louisiana and or neighboring states. 
Table 2 portrays digenean metacercariae with geographic locality. One major objection to Mugil 
cephalus as a food fish cited by Bardach et al. (1972) is that it carries a fluke Heterophyes 
heterophyes dangerous to man if the flesh is eaten raw or poorly cooked.

Phagicob bngus causes few human infections in the southeastern U. S. because most fish 
is cooked, but eating raw, cold smoked, or salted mullet could easily modify the public health 
statistics (Paperna and Overstreet 1981). Courtney and Forrester (1974) found an average of 
11,849 worms in each of 14 brown pelicans from Louisiana. Hamed and Elias (1970) observed 
live parasites in frozen fish at -10° or -2CP C for 30 hours, but Paperna and Overstreet (1981) 
reported that deep freezing at -18° C for 24 hours killed all metacercariae. Hamed and Elias 
(1970) discovered live worms after 10 minutes at 100° C.

Cestodes are also commonly found in Mugil cephalus. At least two species under the 
group-name Scolexpolymorphus have been found. One parasite was discovered in the cystic duct 
of striped mullet from Mississippi and Florida, the other was found in the intestine o f young fish 
from Mississippi. A Rhinebothrium sp. has also been documented from the mesentery of Mugil 
cephalus in Mississippi (Paperna and Overstreet 1981).

Nematodes such as Contracacecum robustum larvae parasitizes Mugil cephalus from 
Louisiana, Mississippi, Alabama and Florida with heavy infections from near Grand Chenier, 
Louisiana, where the parasite may have affected the hosts' health (Paperna and Overstreet 1981). 
Contracaecum robustum, lives in the liver, kidneys and adjacent tissues o f striped mullet (Paperna
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and Overstreet 1981). Hysterothlacium type MB, recognized by Deardorff and Overstreet (1981) 
as a potential health hazard has been found in Mugil cephalus in Gulf of Mexico waters. In 
addition, H. reliquens (Norris and Overstreet 1975) and Hysterothlacium type MD have been 
observed in Gulf of Mexico striped mullet (Deardorff and Overstreet 1981).

Larval ascaridoids are a potential human health hazard if infected fish are not well 
prepared. Symptoms comparable to those caused by cancer of the alimentary tract or an ulcer can 
be produced by some species (Paperna and Overstreet 1981).

Capillariaphilippinensis was accused of human deaths in the Philippines. Most infected 
individuals had been consuming raw fish and shrimp (Paperna and Overstreet 1981). Rawson 
(1973) has documented small infections of Capillaria sp. from striped mullet in Georgia.

The acanthocephalan Floridosentis elongatus, may be found in the intestine of striped 
mullet from Florida to Texas. This species, in general, should not cause harm to Mugil cephalus 
in its natural environment (Paperna and Overstreet 1981).

The leech Myzobdella lugubris, can affect Mugil cephalus detrimentally if  found in large 
numbers. It has been recorded from estuarine and fresh-water habitats in Mississippi (Sawyer, 
Lawler and Overstreet 1975). As discussed by Overstreet (1974), Sawyer et al. (1975) and 
others, leeches are probably vectors for the protozoan parasites living in the blood o f  mullet and 
other fishes.

Glochidia are the larval stages o f the fresh-water bivalves of the Unionidae and are 
potential hosts whenever striped mullet live in fresh-water (Paperna and Overstreet 1981).

Ciguatera poisoning can be acquired from eating Mugil cephalus either cooked or raw. 
Fortunately, Paperna and Overstreet (1981) stated that this type of poisoning is uncommon when 
you consider the quantity of mullet that is eaten throughout the world.

Hyuga fever which is synonymous with Kagami fever has Richettsia sennetsu as its 
aetiologic agent (Paperna and Overstreet 1981). Eating uncooked striped mullet may produce this 
disease in man (Kitao, Farrell and Fukuda 1973).

Paperna and Overstreet (1981) stated that mullet have fed on sewage and on matter 
saturated with petroleum products. They presume pathogenic bacteria, toxic organic substances 
and heavy metals acquired by the fish are accumulative and can all be transmitted to man when 
he eats the mullet.

Diet deficiencies, environment, including pollution, and genetic problems can cause 
atypically shaped mullet (Paperna and Overstreet 1981). Tumors have been observed in striped 
mullet from the northern Gulf of Mexico and Biscayne Bay, Florida (Sindermann 1972, Lightner 
1974, Edwards and Overstreet 1976). Increased pollution was suggested by Edwards and 
Overstreet (1976) as the cause o f these tumors.
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"Red tide" caused by dinoflagellates or dinoflagellates and bacteria have killed fishes along 
the Gulf of Mexico apparently by lowering the dissolved oxygen level when these organisms 
decompose. In addition, according to Ray and Wilson (1957), and Gates and Wilson (1960) 
single alga and bacteria-free cultures of Gymnodinium breve, and cultures o f Gonyaulax monilata 
with bacteria, each produced one or more substances which were deadly to striped mullet in 
relatively low concentrations.

Paperna and Overstreet (1981) stated quick changes in water temperature, sometimes 
associated with salinity levels, probably are responsible for most naturally occurring fish kills. 
A massive kill almost completely o f striped mullet was documented by Overstreet (1974) in tidally 
influenced bayous of the Mississippi after a period of freezing temperatures. Where salinity was 
greater than 6 ppt, other individuals of Mugil cephalus did not die.

Paperna and Overstreet (1981) reported that most major kills in estuaries are due to either 
oxygen-depletion or a combination of the aforementioned with some other factor. According to 
Christmas (1973) striped mullet and menhaden are the most impacted species in most kills of 
unknown cause in Mississippi.

Good water quality is not only essential for mullet and other fishes but also, for the people 
who eat them. Pesticides concentrate in mullet tissues, especially those containing lipids (Paperna 
and Overstreet 1981). The authors also reported humans can concentrate pesticides in their tissues 
by eating the mullet and that mullet can die from rapid release of high levels of pesticides stored 
in its fat into the blood during starvation.

Paperna and Overstreet (1981) stated that in the United States only salt, glacial acetic acid 
and sulphamerazine can be used legally to treat mullet grown for consumption. For example, salt 
can be used to eliminate the disease caused by the phycomycete fungus Saprolegnia sp. on mullet. 
Paperna and Overstreet (1981) also declared that chemicals can harm mullet directly, they can 
harm  people that consume or rear the fish and they can affect water quality. For example, 
malachite green may cause cancer, and if potassium permanganate is used in dust form, a cotton 
mask, safety glasses and gloves should be worn by the handler.

Overstreet (1990) declared that numerous health problems, particularly those concerning 
marine stocks, can be eliminated, controlled or reduced by drying out ponds periodically. He 
added that getting rid o f accumulated waste and employing lime or some other agent on the 
cleaned bottom will be appropriate in some cases while in others letting the sun bake the sediment 
for a few days might be enough.

2 .7 .4  Trophic Position in the Community

Adult striped mullet have been classified as detritivorous, herbivorous, and interface 
feeders. The diet and feeding behavior of the fish can vary by site, but their predominant food 
is either epiphytic and benthic microalgae, macrophyte detritus or inorganic sediment (Odum
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1970). Collins (1985) stated that even though the diet of mullet overlaps that of a variety of 
aquatic species, inter-specific competition has not been reported.

Thomson (1963) observed that the main predators of juvenile and adult mullets are fishes 
and birds. Breuer (1957) reported that spotted seatrout (Cynoscion nebulosus) eat mullet up to 
35 cm in length, and in Florida sharks occasionally feed heavily on large mullet. In Louisiana 
waters, juvenile and adult mullet have been found in stomachs of red drum (Sciaenops ocellatus) 
and spotted seatrout (LDWF data, H. Blanchet, pers. comm.).

2.7 .5  Habitat Requirements hv Various Life History Stages

Ditty and Shaw (1996) described the distribution of larval striped mullet in the offshore 
northern, Gulf o f Mexico. They found most larvae at stations with surface water .temperatures 
<24.7° C (range 16.7-27.0° C, mean 23.4° C) and salinities 5:34.0 ppt (range 23.5-36.8, mean
34.4 ppt). Their largest tow came from 185 km (=115 miles) south of the mouth of the 
Mermentau River in western Louisiana, in water 103 m (= 338 feet) deep. They caught striped 
m ullet at stations with water depths between 7 and 2,837 m (23 to 9,308 ft.), with the highest 
relative frequency of stations containing larvae between 41 and 180 m (135 to 591 ft.).

An analysis of the worldwide distribution of striped mullet indicates mullet are temporary 
residents in regions where waters do not reach 18° C (Collins 1985). Young striped mullet living 
in salt marsh pools on Florida's Gulf coast at temperatures ranging from 13-34.5° C were reported 
by Kilby (1949). Water temperatures presumably regulate the amount of time that young 
individuals stay in estuaries. For example, mullet less than 50 mm SL favor temperatures 
between 30.0-32.5° C and fish from 50 to 130 mm SL prefer temperatures in the 19.5-20.0 C 
range. For all sizes of mullet, the temperature chosen tends to decrease as salinity increases. The 
minimum water temperature reported for the species was 4.5° C (Moore 1976) and one adult was 
caught at 36° C (Moore 1974). Ferret et al. (1971) stated that 1,146 striped mullet were taken by 
trawl and 1,280 were caught by seine in Louisiana. All fish were caught from water temperature 
intervals 5.0-9.9° C up to and including water temperatures of 30.0-34.9° C.

Live mullet of undetermined size were reported in waters with a salinity o f 84-86 ppt, as 
were deaths and emigration above 75 parts per thousand (ppt) (Wallace 1975). Adult mullet have 
been documented from salinities ranging from 0 ppt (Collins 1981) to 75 ppt (Simmons 1957). 
Ferret et al. (1971) reported striped mullet in Louisiana to range in size from 15 to 465 mm and 
to occur from fresh water to salinities over 30 ppt. The largest catches were made at 5 .0  to 19.9 
ppt. Sylvester et al. (1975) induced fish to spawn in the laboratory and found that egg survival 
was greatest at the highest salinity tested, 32 ppt. Survival of larvae was greatest at 26 ppt in tests 
from  24-36 ppt. Nordlie et al (1982) stated that when mullet are 40-70 mm SL they achieve a 
definitive state of osmoregulatory capability and can live in fresh water to full strength sea water.

Sylvester et al. (1975) observed that mullet eggs and larvae apparently cannot live below 
a dissolved oxygen (DO) level o f 4 ppm. Over a range of 1.0-8.0 ppm DO, eggs incubated in the

20



laboratory for two days had a survival rate of 0%-3 % at levels 4.5 ppm and below. The survival 
rate was 85-90% for 5.0 ppm and above. Larvae were kept in DO concentrations of 4.0-7.9 ppm 
from 1-4 days. The larvae held for 96 hours had a mean survival o f 0-8% at 4.0-5.4 ppm, 21 % 
at 6.4 ppm, and 84% at 7.9 ppm. Even though 7.9 ppm was 146% saturation under the 
conditions tested, there was no sign of gas bubble disease. Collins (1985) reported no specific 
data on oxygen requirements for adult mullet from the literature. However, initial experiments 
with fish in cages reported by Collins (1985) revealed their tolerance to a DO level o f 4.4 ppm 
at 29° C and a salinity of 28 ppt.

Mullet live in many habitats and depths and spawn predominantly in relatively deep, cool 
coastal waters. Larval fish move inshore to shallow waters along beaches and enter salt marshes 
(Collins 1985). Thompson et al. (1990) reported postlarval and juvenile striped mullet showed 
a strong movement toward lower salinity estuarine waters and became common in estuarine 
habitats by mid to late winter. Smaller juveniles in their first year in the estuaries showed strong 
preference for shallow protected shoreline and marsh habitats. With growth, the young-of-the 
year formed larger schools and became oriented more towards open water. Striped mullet of all 
size and age classes were found in Louisiana estuarine waters (Thompson et al. 1990). Major 
(1978) observed in Hawaii, in spite of near-lethal temperatures, schools of mullet less than 50 
mm SL were invariably found in very shallow waters, including the swash zone and tide pools. 
Juveniles larger than 50 mm SL favor the slightly deeper waters beyond the swash zone, although, 
they may swim into shallow waters that smaller mullet have left unoccupied during flood tides. 
The very shallow water favored by fish smaller than 50 mm SL may help them elude the majority 
of their predators and to feed without significant competition. Ferret et a l (1971) reported striped 
m ullet in Louisiana were more abundant in shallow waters near the shore. Seine collections 
produced fish during all months; the highest catches were made in January (Ferret et al. 1971).
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TA B LE 2 .1 . Adult digeneneans in Mugil cephalus, site and locality (from Paperna and 
Overstreet 1981)

PARASITE SITE LOCALITY

Hysterolecitha elongata 
Manter 1931

stomach, intestine Mississippi

Lecithaster helodes 
Overstreet 1973

intestine, pyloric, 
caeca

Mississippi and 
Florida

Epithelionematobothrium sp. 
Skinner 1974

body cavity Florida

Haplosplanchnus mugilis 
Nahhas and Cable 1964

intestine Florida

Hymenocotta manteri 
Overstreet 1969

intestine Georgia to Louisiana

Schikhobalotrema elongatum 
Nahhas and Cable 1964

intestine, pyloric 
caeca

Florida

Schikhobalotrema sp. 
Skinner 1974

intestine Florida

Schikhobalotrema sp. 
Nahhas and Short 1965

intestine Florida

Chalcinotrema mugilicola 
(Shireman 1964) Overstreet 1971

intestine Louisiana

Dicrogaster fastigata 
Thatcher and Sparks 1958

intestine, pyloric 
caeca

Georgia to Louisiana

Saccocoelioides beauforti 
(Hunter and Thomas 1961)

intestine, pyloric 
caeca

North Carolina to 
Louisiana

Lasiotocus glebulentus 
Overstreet 1971

intestine Mississippi to Florida

Lasiotocus mugilis 
Overstreet 1969

intestine Florida and Georgia
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TABLE 2.2. Digenean metacercarie in Mugil cephalus (from Paperna and Overstreet 1981).

PARASITE LOCALITY

Cyathocotylidae Poche 1926 
Mesostephanus appendiculatoides 
(Price 1934) Lutz 1935

Florida

Bucephalidae Poche 1907 
Rhipidoctyle lepisostei 
Hopkins 1954

Louisiana

Didymozoidae Poche 1907 
Didymozoid larva

Mississippi

Acanthocolpidae Luhe 1909 
Stephanochasmus sp.

Florida

Heterophyidae (Leiper 1909) 
Odhner 1914
Phagicola longus (Ransom 1920) 
Price 1932

Southeastern United States
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3.0 DESCRIPTION OF THE FISHERY

3.1 History of Exploitation

Due to the variety and abundance of more desirable species of fish in Louisiana waters, 
striped mullet were not a significantly targeted species until recently. Consequently, there is little 
documentation of the historic fishery. National Marine Fisheries Service (NMFS) records for 
striped mullet catch and landings in Louisiana are as early as 1930, although the commercial 
industry did not develop significantly until the 1970's. Commercial catches in those early years 
were probably limited to food or bait.

Recent creel surveys and historical information (or a lack thereof) suggest that striped 
mullet are not a targeted recreational fish in Louisiana (Adkins et al. 1990, Guillory and Hutton 
1990).

In all probability, the first mullet catches taken from Louisiana waters were taken by native 
Indians from tidal impoundments. Block off methods, primitive traps, baskets and nets were 
probably used by the natives to extract mullet from coastal estuaries in the past. European 
explorers and settlers may have expanded the removal of mullet from Louisiana waters during 
exploration and settlement by use of better boats, nets and fishing methods.

3.2 Commercial Fishery

The commercial striped mullet fishery in Louisiana consists of inshore and nearshore 
components. Boat size, type and size of fishing gear and fishery regulations are important in the 
divisional structure of the commercial fishermen and the area o f fishing preference. The inshore 
fishery is composed mainly o f smaller vessels, using hand-hauled gear. The nearshore fishery is 
composed of larger vessels, often with power reels for gear retrieval.

The striped mullet fishery is concentrated east o f the Mississippi River with effort and 
catch per trip increasing during the spawning months in response to the availability o f large fish 
aggregations and market demand for roe (Mahmoudi 1989).

From 1958 through 1990, Florida produced 80-90% of the United States mullet catch from 
the Gulf o f Mexico (Collins 1985, Leard 1995). Louisiana's fishery has relatively recently 
expanded, mainly targeting roe mullet, and is presently comparable to Florida's recent annual 
landings.

3.2.1 Description of Commercial Fishing Activities

Louisiana fishermen have utilized a variety of methods to capture striped mullet for 
commercial exploitation: mono- and multifilament gill nets, seines, trammel nets and purse seines.
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Special interest was placed on some gear types as a result o f experimental permits issued from 
1980 through 1986.

Gill nets were usually deployed by one of two methods: A. As a set net located in an area 
o f dense mullet concentrations or in a location that has a channeling effect; or, B. as a strike net 
deployed in a circling manner to surround the school. Recent legislation only allows strike 
netting. Schooling mullet were often located for strike net fishermen by spotter planes until this 
practice was outlawed in 1990.

"Florida skiffs" are the dominant type vessel used in the striped mullet gill net fishery. 
Skiffs from 22 to 28 feet in length are used which often have specialized gear such as a small 
flying bridge (for spotting), lights for night fishing (pre 1995 legislation) and power rollers for 
net retrieval (Russell etal. 1986).

The maximum legal length of saltwater gill nets used in the Louisiana mullet fishery is 
1200 feet; they are constructed o f 3.5 to 4.5 inch stretched multifilament mesh. The most 
common mesh size used is four-inch stretched, and the set time averages ten minutes (Russell et 
al. 1986).;

Marais (1985) conducted a gill net study in an Eastern Cape estuary using multifilament 
polyester gill nets (0.5 mm thick). Each net consisted of five sections with stretched mesh 
openings of 55, 70, 85,110 and 145 mm. Nets were set for 12 hour periods from dusk to dawn. 
M ullet catches indicated that 34% were caught around the head, 45% were caught around the 
widest part o f the body, and 21 % were gill-entangled.

Few incidental species are caught in gill net and haul seines used to harvest mullet due to 
the schooling behavior of mullet. Species which are occasionally caught in small numbers during 
mullet sets are sheepshead, black drum, red drum and Spanish mackerel (Russell et al. 1987).

In Louisiana, the gill net fishery for mullet is concentrated in the area of Lake Borgne, 
Mississippi River Gulf Outlet, Breton Sound and Breton Bay (Bane et al. 1985). Since this time, 
landings data indicate the fishery has expanded westward of the Mississippi River.

Trammel nets are a gear consisting o f at least three panels or walls grouped together in a 
sandwich-like fashion. The inner panel being smaller, the outer panels are large enough to allow 
the inner panel to be pushed through them, causing a pocketing effect that entangles individual fish 
(Everhart and Youngs 1981).

Fishermen using trammel nets in the mullet fishery probably changed to a method 
consuming less time to retrieve a net set, or remove the catch, or left the mullet fishery in favor 
o f other fisheries.



Permits for seine use to harvest mullet were requested in 1980, the first year of the 
experimental fishery permitting system. Seines, most commonly used in conjunction with spotter 
planes (no longer permitted), are very efficient gear for catching large numbers o f mullet, as they 
do not require the time consuming process of removing fish.

A study by researchers at LSU (Russell et al. 1987) showed that seines catch a higher 
percentage of males than gill nets, causing the price per pound from a seine set to be lower than 
the price per pound from a gill net set. They found the following sex ratios from samples taken 
East of the Mississippi River in Louisiana waters:

Gill Nets Haul Seine
Male Female Male Female
15% 85% 53% 47%

Purse seines were a popular gear type utilized to harvest mullet prior to 1984, when this 
gear was prohibited by legislation. Purse seines have a purse line at the bottom of the net which 
is tightened in a draw string manner giving the net a bowl shape from which captured mullet can 
be scooped out with large dip nets (Everhart and Youngs 1981). Purse seines have the capability, 
depending on net size, o f capturing over 100,000 pounds (45,000 kg) of mullet per set. Vessels 
which used purse seines were typically 50-80 feet (approx. 15-24 m) in length, with holding 
capacities o f up to 200,000 pounds (9,000 kg) (Russell et al. 1986).

Prior to 1984, purse seine vessels operated primarily in Breton Sound and offshore waters 
due to permit restrictions banning them from most inshore waters. Most purse seine operators 
transported their catches directly to processors out of state, usually in Alabama or Florida (Bane 
etal. 1985). Regulatory changes have eliminated its use since 1986 (La. Administrative Code, 
Title 76, Part VII, Chapter 7).

3.2.2 Trends in Commercial Effort and Harvest

Recent increases in effort in the Louisiana striped mullet fisheries were initiated mainly by 
the demand of Florida and Alabama processors and the influx o f out-of-state fishermen exploiting 
the mullet fishery. In 1976 a market developed in Florida for mullet roe (Mahmoudi 1989), 
greatly increasing the demand for mullet. The fishery expanded to Louisiana in light o f the high 
quality of roe mullet extracted from Louisiana waters (Russell et al. 1987).

As in all fisheries, supply and demand are reflected by trends in harvest and prices. This 
scenario is greatly magnified during the spawning (roe) season and is quite obvious in monthly 
harvest records (Fig. 3.2). Since roe is the most valuable of the four marketed mullet products, 
the greatest harvest o f mullet takes place from October through January. The other mullet 
products are testes (white roe), stomachs (gizzards), and fillets (Bane et al. 1985).



The Hopedale-Yscloskey area in St. Bernard Parish has been the center for mullet roe 
production in Louisiana. In 1986, over 70 boats from Louisiana, Alabama, Florida and 
Mississippi, worked in St. Bernard Parish and the surrounding waters. Out-of-state fishermen 
were more experienced at netting mullet than most Louisiana fishermen, but more local fishermen 
are developing an interest in the fishery due to its obvious profit potential (Russell et al, 1987). 
Since the period from 1986 the fishery has expanded westward of the Mississippi River. The 1995 
legislation eliminating those fishermen from states with net bans from purchasing the necessary 
licenses, has effectively reduced the numbers o f fishermen in the mullet industry at present.

The history of the commercial striped mullet fishery in Louisiana can be divided into two 
periods of exploitation: pre-roe and roe market periods, the latter of which was initiated by Florida 
processors during 1976.

National Marine Fisheries Service (NMFS) records show Louisiana average landings of 
87,729 pounds (39,478 kg) o f mullet for the five year period 1972 through 1976. Average 
landings o f 3,494,296 pounds (1,572,433 kg) of mullet for the twelve year period (1977-1994) 
followed.the development of the mullet roe market (Fig. 3.1).

P rio r to 1977, landings o f striped mullet from Louisiana never exceeded a quarter o f a 
million pounds with the exception o f 1949 when 572,000 pounds (247,400 kg) were taken (Figs. 
3.3 - 3 .4 , NMFS 1962-1994 Annual Louisiana Landings). For the period 1972 through 1976, 
landing records show a  range of 15,845 (7,130 kg) to 213,000 pounds (95,850 kg) (Fig. 3.1). The 
twelve years following 1976 show an increase in striped mullet landings with only three years 
(1977, 1980 and 1985), falling below the one million pounds (Fig. 3.1). Records indicate that 
there was a significant harvest between June and October of 1980, 1981 and 1988 (Fig. 3.1). A 
late hurricane (Juan) followed by inclement weather during the spawning season o f 1985 was 
responsible for the second lowest landing since 1976 i.e. 579,297 pounds (260,684 kg). 
Respective high (3,157,207 pounds (1,420,743 kg) in 1989) and low (204,310 pounds (91,940 kg) 
in 1980) landings o f striped mullet occurred during the period 1977 through 1989. Record catches 
have occurred during the 1990's with landings data from 1994 being the highest recorded.

W ith demand for mullet roe continuing and with a corresponding price increase, the 
Louisiana mullet fishery has evolved from an underutilized species fishery to a  viable fishery 
today.

3.2.3 Aquaculture

Mullet does not seem to be a desirable species for aquaculture in Louisiana at this time due 
to its abundance in the wild, market competition with more desirable food fishes, and returns 
versus costs in aqua farming. However, the holding o f juveniles and subadults for harvest as roe 
mullet may be possible and economically feasible if legal and technical issues with this could be 
resolved.
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Futch (1966) recommended the aquaculture of mullet because they are one o f the major 
species reared in the Orient and because brackish ponds closely approximate the natural habitat. 
However, Futch points out two major economic factors to be considered in mullet aquaculture: 
the abundance of fish for stocking ponds and the high cost of pond development and maintenance.

Experiments with mullet aquaculture have been carried out in the following countries: 
Italy, Taiwan, Israel, India, Pakistan, Burma, Cyprus, Yugoslavia, Greece, Tunisia, United Arab 
Republic, Egypt, France, Indonesia, Philippines, Republic of China, Hong Kong, Japan, the 
United Kingdom and the United States.

Bardach et al. (1972) stated if researchers could succeed in unlocking the secrets of 
spawning and rearing Mugil spp. on a large scale, mullet could well become the most important 
human food product of the estuarine environment.

A brief summary of the major contributions to the propagation o f mullet by artificial means 
as reported by Bardach et al. (1972) follows:

1. Artificial propagation of mullet was first achieved in Italy in 1930 by a method similar 
to "stripping" trout in hatcheries.

2. Induced ovulation and successful spawning of striped mullet by injecting ripening fish 
with striped mullet pituitary extract and the synthetic hormone Synahorin occurred in Taiwan in 
1964.

3. In 1968, researchers in Israel spawned striped mullet using three time-lapsed injections 
o f common carp pituitary.

Mullet are not normally regarded as a food fish in the United States, except for Hawaii, 
Florida, Georgia and, to some extent South Carolina, Alabama and Mississippi. Therefore, they 
have received a limited amount of research from United States aquaculturists. Bardach et al. 
(1972) summarized the following experiments regarding mullet aquaculture in the United States:

1. At Bears Bluff, South Carolina, a 0.6 hectare brackish water pond, 1 to 2 meters deep, 
stocked by natural processes and virtually unmanaged, yielded 85 to 227 kg/ha of fish, of which
47.5 to 74.2% were striped mullet, during five 6 to 13 month growing seasons.

2. Similar yields from fertilized ponds used for experimental monoculture were obtained 
at the Marineland Laboratory, Orlando, Florida.

3. A 5.6 hectare brackish water pond, 1.7 meters in depth, intended for pompano culture 
at the Florida Board of Conservation laboratory in St. Petersburg, Florida, produced a high yield 
of extraneous fish. Striped mullet and white mullet constituted the majority of the fish population 
and yielded 767 kg/ha over a two year growing period.
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In Louisiana, Perry (1972) and Perry and Avault (1975) conducted monoculture and 
polyculture studies with striped mullet from 1966-1973 at the Rockefeller Wildlife Refuge, Grand 
Chenier. In 1969, a monoculture pond was stocked with 2,519 mullet/ha to determine survival 
and growth during the winter. The mullet experienced water temperatures of 11° C with a survival 
rate of 87% and a production rate of 352.8 kg/ha. The pond was harvested after 317 days.

A polyculture pond of Atlantic croaker (Micropogonias undulatus)and striped mullet, into 
which supplemental feed was not added, was stocked the same year. Atlantic croaker survival was 
10% and contributed 63 kg/ha. At the end o f the study, mullet weighed 77 grams more on 
average in the polyculture pond than those cultured alone at the same density. However, survival 
o f mullet was 18% greater in the monoculture pond.

In 1970, eight ponds were stocked with mullet at the following rates: 1) Two ponds at 247 
fish/ha, 8 grams/fish; 2) three ponds at 4,940 fish/ha, 6 grams/fish, and 3) three ponds at 4,940 
fish/ha, 33 grams/fish. Supplemental feed was not added. Mullet were harvested after 181 days 
with production of 1) 60 kg/ha, 2) 191 kg/ha and 3) 454 kg/ha respectively. Ponds stocked at 247 
fish/ha were the only ones producing fish o f harvestable size, averaging 380 grams (330mm). 
Approximately 65% of the fish harvested exceeded 340 grams.

During 1971, production of 1,602 kg/ha was obtained from a polyculture experiment with 
mullet and channel catfish (Ictalurus punctatus).

A  polyculture experiment was conducted in 1972, stocking 4,940 channel catfish and 
14,820 mullet per hectare. A monoculture control of 4,940 channel catfish supplementally fed was 
also conducted. Catfish in the polyculture pond produced 2,353 kg/ha and had a survival rate of 
85%. Mullet survival was 51 % and averaged 59 grams. Production of catfish in the monoculture 
pond was 2,323 kg/ha with a survival rate o f 91 %.

In 1973, experiments were conducted with Atlantic croaker and mullet in polyculture using 
a croaker monoculture as a control. The ponds were stocked with 4,940 croaker and 247 
mullet/ha.,.Polyculture survival was 90% for mullet and 35% for croakers with mullet accounting 
for 136 kg/ha of the 315kg/ha of fish produced. Croaker survival and production from the 
monoculture pond was 35% and 123 kg/ha, respectively.

The Rockefeller experiments indicated mullet culture to be quite promising, though 
techniques must be improved and marketing, especially local, needs to be developed.

Mullet culture has not been developed in the western hemisphere other than the United 
States, although its potential for alleviating the serious protein problem of Latin America is 
obvious. It could also prove useful in reducing the protein supply problem in tropical Africa 
(Bardach et al. 1972).
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3.2.4 Economics o f the Commercial Striped Mullet Fishery

The commercial striped mullet fishery is divided into three markets, and the dockside price 
o f each product may be different. Mullet are harvested for three general uses: as bait for fishing 
operations, as food fish for human consumption, and as a source of fish roe. Mullet sold for bait 
typically bring the lowest dockside price, while mullet sold for roe bring the highest.

Each market supplies a different geographic region. The bait market is essentially a local 
market, providing bait to crab and trotline fishermen in coastal Louisiana. Mullet as food fish is 
mainly marketed out o f state, though a small local market exists in Louisiana. Most o f these fish are 
exported to Georgia, Florida, and Alabama. Roe mullet is either processed within the state or 
shipped out o f state for processing. The final product is intended for export to foreign countries, 
especially in Asia.

The effect o f the roe market on prices may be seen in the dockside price paid on a monthly 
basis. Figure 3.7 shows the monthly harvest and dockside prices of mullet from 1978 to 1992. 
Those months of roe harvest (October to January) have higher prices than other months. Harvest is 
lower in October and January than in November and December. Prices will vary by month due to 
the quality o f roe, availability from other areas, and availability of alternative species.

Figure 3.1 presents annual harvest and prices from 1978 to 1994 in Louisiana. This data for 
mullet harvest and associated price are unusual for commercial fisheries, where higher prices are 
typically associated with times o f lower harvest. This may be due to the fact that Louisiana has been 
a small supplier and that Louisiana prices followed prices set in the Florida fishery. Further, the 
demand for roe increases demand and price for the fish during the roe season.

Only the female mullet has value for the production o f roe, and the presence o f  significant 
numbers o f males in the harvest can affect the price o f this commodity. Males harvested in the roe 
fishery may be sold separately at a much lower price or may be included in the sale o f females with 
the reduction of price absorbed by the entire catch. During the roe season, the harvest rate 
substantially exceeds the harvest rate at other times of the year. Therefore, there is relatively little 
directed harvest for food or bait at that time. However, the bait fishery has a ready supply of 
carcasses available from roe processors, and there is no need for quality control for mullet carcasses 
used as bait.

The price structure for mullet sold at the dock is variable and has become more complex over 
the past few years. Russell et al. (1986) described a simple price structure, with females receiving 
a higher flat rate dockside than males. More recently, common practices involve some method of 
variable pricing depending on the size (weight) o f the individual roe, the percentage o f roe by weight 
in the female, and the percent o f females in the harvest (Table 3.1).

Prices per pound for mullet as food or bait are lower than the price for roe mullet (Figure 
3.1). Since 1990, the market for mullet as a food fish has complicated the non-roe price structure.
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Sales are unclear as to destination, and the prices collected monthly by NMFS may use an average 
price for bait and meat. However, prices adjusted for inflation have shown an upward trend.

The typical relationship between price and harvest for most fisheries is not evident for 
Louisiana mullet. In most fisheries, landings for a species or group are inversely correlated with 
dockside price. For instance, if landings increase, prices tend to decline. When price is plotted 
against monthly landings, this produces a negative slope for the regression line. This is not the 
case for Louisiana mullet. Slope o f the regression line between seasonal (roe or non-roe) harvest 
and price is not significant, and very near zero (Table 3.2), or is positive. This is perhaps not 
unexpected when the Louisiana fishery is considered as a relatively small part o f the regional 
fishery, which has been dominated by Florida harvest. It does have implications, though, that at 
least at harvest levels seen in recent years, the market is fully capable of utilizing the harvest. It 
also implies that at least modest increases in landings would result in minimal declines in price per 
pound.

An economic analysis o f a commercial fishery will involve dockside values. However, 
using only dockside prices will not measure the total benefit of the fishery to society. Commercial 
fishermen may accept lower financial returns and more uncertain benefits to remain within their 
occupation. There may be other non-monetary values the fisherman receives, such as more 
freedom, the aesthetic setting, wildlife seen while fishing, etc. Dockside value will not 
completely capture this value.

The total benefit to consumers o f mullet is greater than a dockside price. Total benefits 
include the dockside price, any value added, and the willingness of some consumers to pay more 
than the market price. Value added is any processing or preparation of the fish for consumption 
as bait, food, or roe. Some consumers would be willing to pay more for mullet than the market 
price because they derive more satisfaction from its consumption. The total benefits to the 
Louisiana economy would include all these items.

3.3 Recreational Fishery

3.3.1 Description of Recreational Activities

Striped mullet are not a highly targeted species for sports fishermen because there is an 
abundance of more desirable sport fish in Louisiana's coastal waters and mullet are not a species 
which can be readily taken by hook due to their feeding habits. As documented by the 1984 
Louisiana Department of Wildlife and Fisheries creel census (Adkins et al. 1990) only a limited 
number of mullet were taken, and then only incidentally. Striped mullet during the 1984 creel 
survey amounted to less than 1% of the total catch (Adkins et al. 1990).

Striped mullet are often caught by coastal inhabitants, usually by cast net, the preferred 
method o f capture by recreational fishermen. These fish are taken to provide live, especially 
juveniles, or cut bait to fish for a variety o f species in near shore and offshore waters; whereas
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larger fish may be consumed as fillets or smoked. Mullet are also taken to provide bait for 
recreational crab traps. Another method of capture is to throw a treble hook into a school of 
mullet in hopes of snagging a fish when the hook is retrieved. Many local youngsters historically 
fished for mullet from docks, piers, or roadside. They were successful in catching mullet by 
using a long-shanked small hook onto which was pressed a piece o f bread, not unlike a dough- 
ball. Many hours o f entertainment was provided by this "fishery".

3.3.2 Trends in Recreational Effort and Harvest

Data on striped mullet recreational effort and harvest at this time are not adequate to 
establish trends. However, it would seem logical that the majority of mullet taken recreationally 
as a target species are caught during the spawning season, October-February, when mullet are 
aggregated. Harvest of young-of-the-year "finger" mullet are probably distributed over the last 
half o f the year, when mullet are available in sizes appropriate for use as bait. Saltwater 
recreational fishing effort is also higher at this time of the year than during January through April, 
so that harvest of larger mullet for bait may also increase with overall fishing effort.

3.3.3 Economics o f the Recreational Striped Mullet Fishery

Recreational fishing is a highly diverse activity and has economic value. Participants are 
seeking a recreational experience and are willing to pay more for this activity than it actually costs. 
Households actually "produce" recreational trips by allocating their time, buying market services, 
and combining these with publicly provided natural resources (McConnell and Strand, 1994). The 
value o f  recreational fishing is variable across individuals and trips. It will depend on many 
conditions—the quality of fishing, the weather, the skill o f the angler, etc.

There are two kinds o f economic value for recreational fishing. One is the access value to 
a resource. Access pertains both to the overall opportunity for fishing and to the opportunity for 
fishing in specific locations. The value o f access is what anglers would pay rather than do without 
or the amount they would accept in compensation for their loss o f access. The second kind of 
economic value is the value of catching an additional fish. This is the amount an angler is willing 
to pay to catch more fish, larger fish, or more desirable fish. This amount will depend on many 
things, such as the species sought, the time when fishing takes place, the mode o f  fishing, the 
weather, environment, etc.

The estimation o f the value o f a recreational fishery such as striped mullet will involve the 
measure o f species specific effort and the expenses incurred. There have been several studies made 
to collect total numbers of recreational fishermen, percentage of fishermen targeting various species, 
average number of fishing trips per year, and expenditures per trip. Data from these studies have 
been highly variable among studies, even over the same time period. Conclusions drawn from these 
studies should therefore be viewed with caution.
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Recreational fishing effort depends primarily upon the number o f fishermen and number o f 
trips per fisherman. Individual fishing effort is largely a function of the expenses incurred in the 
activity and the perceived benefits received from the activity. As costs rise and benefits remain the 
same, effort tends to decrease. Costs can increase through increased spending, in relation to other 
leisure activities, or as a fraction o f disposable income. Anglers can receive both tangible and 
intangible benefits from fishing activities. Tangible benefits include the number or quality o f fish 
caught. Intangible benefits can be enjoyment o f the outdoors, change in routine, companionship, etc.

Fishing effort will continue as long as the economic costs are not greater than the angling 
satisfaction (or what economists call utility). Fishing net benefits (satisfaction minus costs) may 
decline due to satiation, declining catch per angler, congestion at favored locations, degradation of 
aesthetic;;yalue o f trips, or from increased fishing costs.

-£
Direct expenditures per trip for marine recreational anglers in Louisiana were estimated at 

$53 (Kelso et at 1992), $64 (Bertrand 1984), $75 (Kelso et al. 1991), and $133 ( litre  e ta l  1988). 
Direct expenditures include spending for automotive and boat fuel, lodging, food and drinks, ice, 
boat launch fee, bait, and other expenses directly related to the trip. In addition to trip expenditures, 
anglers purchase equipment (boats, motors, trailers, vehicles) and speciality gear. This equipment 
is used for more than one trip and even over several years. Their cost needs to be allocated over 
time. Published annual estimates o f these expenses vary widely depending on what is included: $698 
(U S. Fish and Wildlife Service 1993), $824 (Kelso et al, 1991), and $1108 (Kelso et a l  1992).

Bertrand (1984) estimated total annual expenditures by saltwater anglers in Louisiana as
180.6 million dollars. Estimates can also be calculated from other surveys. From a 1985 survey, the 
U S. Fish and Wildlife Service (1988) estimated that state residents spent a total o f  $197 million 
dollars on saltwater fishing expenses, including equipment and trip-related expenses. Nonresident 
anglers spent an estimated $37.6 million in trip-related expenses in Louisiana. To estimate total 
nonresident expenses, nonresident data was adjusted to include equipment expenses in the same 
proportion as resident spending. This yields total saltwater expenses o f $210 million. From the next 
survey in-1991, the U  S. Fish and Wildlife Service (1993) estimated expenditures o f 158.8 million 
dollars by state residents on saltwater angling. If  the ratio o f nonresident to resident expenditures 
is the same as in 1985, then the total saltwater fishing expenditures would have been $167.7 million.

Direct expenditures for the fishing trip may be less than the angler would be willing to pay 
for the whole experience. The difference between the costs o f the trip and what the angler is willing 
to pay is called consumer's surplus. This is a measure of the value that the angler receives for 
benefits other than the fishing activity. Titre et al. (1988) found that the average recreational user 
would be willing to pay approximately $320 to $360 annually for the right to recreate in Louisiana 
wetlands under certain conditions o f harvest, catch, and amenity situations. This $320 to  $360 
represents an estimate o f the consumer's surplus and when added to direct expenditures, provides 
a total economic value for an angler's trip.

Mullet are seldom targeted by Louisiana recreational anglers as a food or sport fish. 
Estimates o f mullet harvest by anglers in the state are highly variable, and the size frequency of the
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harvest indicates that at least some o f the harvest is intended as bait. Though there is little directed 
recreational fishery, striped mullet do have value to recreational fishermen as bait for a wide range 
of species which are targeted by these fishermen.

Mullet are a relatively hardy species, easy to maintain in a live condition on board a vessel, 
so are often used as live bait. Many recreational fishermen capture mullet, rather than purchasing 
them from retail tackle and bait shops. An estimate o f the value o f mullet to these fishermen can be 
estimated by the cost of alternative baits, such as live shrimp or Gulf killifish ("cocahoe minnow"). 
The price o f bait in a live condition on the Louisiana coast presently is approximately $2.00 per 
dozen.

Mullet are also sold as gutted or cut frozen fish for use as cut bait or whole bait for crab traps, 
or as chum for some types o f angling. In this condition, sale price to the fishermen typically is in the 
$2.00 to $6.00 per dozen range. No data on statewide sales are available for this resource, but it 
probably is only a small fraction o f the statewide total harvest. At least some o f the mullet utilized 
in this market are imported from other states and do not come from the Louisiana fisheiy.

Data on retail bait mullet sales are not available. Estimates o f numbers o f  mullet harvested 
by recreational fishermen are available from the Marine Recreational Fishery Statistics Survey 
(MRFSS), but disposition o f these fish, whether they are used as bait or directly consumed, is not 
determined. Without these values, complete estimation o f the value o f the species to the recreational 
fisher is presently indeterminate.
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Table 3.1. Example price matrix for Louisiana roe mullet, based on roe percentage o f body 
weight and whole fish weight. In this case, the percentage of roe and count are based on sampling 
procedure below; count is the number o f whole fish in a 100 pound sample. For instance, "50 
c t." fish are 50 fish per 100 pound box, or two pounds each on the average. If "50 c t ." fish yield 
16% roe from the procedure below, the price would be $1.30 per pound for the whole (round) 
fish.

Sample Roe Mullet Price Chart 
(All fish yielding 2-4 ounce red roe)

Pct\count 50 ct 60 ct 70 ct 80 ct 90 ct 100 ct >100 ct

12% $1.10 $0.95 $0.80 $0.65 $0.50 $0.35 *

13% ' $1.15 $1.00 $0.85 $0.70 $0.55 $0.40 *

14% $1.20 $1.05 $0.90 $0.75 $0.60 $0.45 *

15% $1.25 $1.10 $0.95 $0.80 $0.65 $0.50 *

16% $1.30 $1.15 $1.00 $0.85 $0.70 $0.55 *

17% $1.35 $1.20 $1.05 $0.90 $0.75 $0.60 *

18% $1.40 $1.25 $1.10 $0.95 $0.80 $0.65 *

19% $1.45 $1.30 $1.15 $1.00 $0.85 $0.70 *

20% $1.50 $1.35 $1.20 $1.05 $0.90 $0.75 *

* No market price for fish this small

Sampling Procedure for Estimating Percent Roe:

1) From a 100 pound sample o f fish, count and record the number of fish in the sample.
2) Remove all "red roe" and "white roe" from the fish. Sort the carcasses by sex.
3) Weigh male fish and gonads together.
4) Select female fish, as nearly as possible the same size and number as the removed males, 
from fish not included in the original sample.
5) Remove the roe from these fish, and add the roe and carcasses to the original female 
sample.
6) Weigh all o f the female roe in the adjusted sample.

The resulting weight equals the percentage o f "red roe" found in all o f the female fish in the full 
lot being sold.

If purchased, male fish are typically purchased at a greatly reduced price, based on the 
percentages obtained in step 3 above. Otherwise, the price is adjusted by the percentage o f males, 
with no value being given these fish.
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Table 3.2. Relationships between price and landings for Louisiana mullet. Prices are deflated 
to 1994 dollars. Landings by gear and season (roe and non-roe), and monthly total landings are 
regressed against dockside price. Estimation function is:

Price (in 1994 dollars) =  Intercept +  Slope * Landings.

Landings
Type

Intercept
($/lb)

Intercept 
St. Err. 
($/lb)

Slope
($/lb*106)

Adjusted
r2

degression for 1986-94

Total landings 0.2969 0.017 + 0 .112" 0.13

degression for 1986-89

Gill Net 0.2361 0.031 + 0 .561" 0.55

Haul/Purse
seine

0.2005 0.064 +0.508 (n.s.) 0.04

Trammel 0.2644 0.128 +41.767 (n.s.) 0.15

Trawl 0.3049 0.041 +9.105 (n.s.) 0.00

Roe Season 0.5578 0.050 +0.243* 0.16

Non-roe 0.1781 0.011 -0.284 (n.s.) 0.02

degression for 1990-94

Roe Season 0.6661 0.074 +0.034 (n.s.) 0.02

Non-roe 0.3439 0.028 -0.156 (n.s.) 0.02

'slope significant at p =  0.05 level 
"slope significant at p =0.01 level
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TOTAL LANDINGS AND PRICE
OF STRIPED MULLET FROM LOUISIANA
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Figure 3 .1 . Seasonal harvest and prices for striped mullet landed in Louisiana. "Roe" season 
landings are from October through December, "non-roe includes January through September.
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ANNUAL LOUISIANA LANDINGS
STRIPED MULLET 1991-1994

60URCE(NMF8)
Striped Mullet

F igure 3.6. Annual landings of striped mullet in Louisiana, 1991-1994. Source: NMFS 
annual landings statistics summary.
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4.0 RESEARCH NEEDS

4.1 Fishery-independent Data

There is some information to suggest that growth rates and sizes of mullet available to the 
fishery differ in various parts of the State. Identification of these variations could allow 
establishment of local regulations which could increase yield in the fishery and help distribute 
output from the fishery geographically. In other areas of the Gulf Coast, harvest of mullet outside 
o f the roe season has utilized significantly smaller mesh nets. Since the species is abundant 
throughout the Gulf, if significant movement of juvenile and adult mullet is present, these fisheries 
could affect the availability o f striped mullet to Louisiana fishermen.

Estimation of migration rates of juveniles and adults through tagging or other means would 
assist in estimating the independence of yield between fisheries with differing regulations. 
Theoretical or field studies analyzing larval drift could help to delineate regional recruitment 
effects for the species.

4.2 Fishery-dependent Data

4.2.1 Biological

The existing Louisiana fishery is predominantly a fishery for roe mullet during the fail of 
the year. This fishery predominantly uses a gill net of 3% - 4 inch mesh. The mullet at this time 
of year has a larger girth than at other times of the year. There is an increasing fishery using 3 Vi 
to 3% inch mesh gill nets outside the roe season. The ages harvested by this fishery are not 
known at this time. Evaluation of the age distribution of this fishery will be necessary before the 
impact o f this fishery on the roe season fishery could be quantified. A consistent fishery- 
dependent monitoring program collecting information on gears, ages, and sexes harvested would 
allow much more quantitative information on allowable harvest.

4.2.2. Social and Economic

Social and economic information is needed on participants of the mullet fishery. 
Information on other fisheries that these mullet fishers participate in, processing and marketing 
costs, investment, operating, and harvesting costs, could help identify the health o f the industry 
and impacts of regulatory changes on participants in the mullet fisheries.
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DRAFT

STRIPED MULLET
SUMMARY OF CHANGES FROM 1996 ASSESS

This summary is intended to provide a quick reference o f  substantive changes in methods 
or corrections in this year’s assessment from the 1996 assesment conducted for striped mullet.

Section 5.2 N atural M ortality

• The function o f  Alagaraja (1984) to estimate M l%  and MO.1% were not included in the 
1996 document. Those functions are included in this report.

Section 5.3 D isappearance Rates and  Fishing M ortality

• The greatest difference in this year's assessment is the incorporation o f an age-length key 
to age fish rather than the use o f  a  growth equation. Using the age-length key should 
reduce the misassignment o f ages to fish o f a given length.

• Selectivities were recalculated due to the change in catch-at-age from the use o f the age- 
length key.

• Selectivities and disappearance rates were based on lengths from female fish sampled 
from the fishery. Male fish were excluded from the analysis. In last year's analysis, sex 
information was not available, and all fish were aged using the female growth equation.
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M ullet Stock A ssessm en t - D R A F T
January  17, 1997

5.0 STOCK ASSESSMENT

This assessment uses yield per recruit (YPR), spawning potential ratio (SPR) and catch curve 

analyses to estimate the impact o f  current fishing pressure on the potential yield and the spawning 

potential o f the Louisiana striped mullet stock. Estimates o f YPR and SPR are based on knowledge 

o f the growth o f  the fish, and on estimates o f  the natural mortality rate (M) and fishing pressure (F) 

on the stock. Catch curve analysis is used to estimate the disappearance rates (Z') from the fishery. 

The spawning biomass of females is assumed to be the factor limiting the spawning potential o f  the 

stock. Therefore, this analysis uses growth rates for female mullet, and considers the effects of 

fishing on the female portion o f  the stock. The results o f this type o f assessment provide a 

generalized approach for estimating the impact o f fishing on the spawning potential and the potential 

yield o f the fish stock. As with any assessment, the results are subject to the limitation o f  the data 

from which they are derived. The present analysis should be used only as guidance until more 

comprehensive analyses, using additional data collected consistently over an extended time span, 

can be conducted.

The definition o f the unit stock must be considered in the development o f  a stock assessment. 

While a unit stock is often defined as that portion o f the population which is genetically similar, for 

our purpose in this stock assessment, the most applicable definition seems to be one which considers 

the unit stock as that portion o f  the stock which is either dependent on Louisiana waters, or which 

is available to Louisiana fishermen. We recognize that the geographic distribution implicit in this 

definition o f unit stock is likely to be different from the genetically based definition, given the wide 

geographic distribution and offshore spawning grounds o f the species (Mapes e t a l  1997). Since 

the stock may be available to fisheries in other G ulf states, mortality rates in those areas have the 

potential to affect Louisiana's fishery, ju s t as Louisiana mortality rates may have the potential to 

affect fisheries in other areas. This is most critical for stocks which have fishing mortalities near the 

upper limits o f the stock's ability to maintain itself. For lightly fished stocks, such regional
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relationships may often be discounted. We chose to use this definition because it provides the best 

picture o f the Louisiana fishery, and we do not have information with which to quantitatively define 

fishing mortality on a regional basis. Information from tagging studies along the west coast o f 

Florida (Mahmoudi, 1991) indicate that once recruited to an estuary, mullet have a strong tendency 

to return to that estuary after spawning offshore. If this tendency is also expressed in Louisiana, then 

fishing mortality rates in one area o f the state would only affect the abundance o f  the adult 

population in that area, and not in other areas, unless fishing mortality rates over the entire spawning 

pool were high enough to affect recruitment on a wide scale.

■i •
Estimates o f fishing mortality are derived with the knowledge that the existing fishery is not 

evenly distributed over the entire state, but concentrated in the Southeastern region, and mainly east 

o f the Mississippi River (over 80% o f  the harvest is typically from that region). The assessment is 

conducted for that portion o f the fishery east o f the Mississippi River determined to have the highest 

fishing mortality rates (the greatest impact on the stock), and for which data is available. The 

analysis must assume that either the distribution o f the fishery does not change, or that all fish in the 

State are equally available to the fishery for predictive yield calculations to be reasonably accurate. 

Without knowledge o f movement o f  adult mullet over the entire year, it is difficult to infer how 

much o f the population is actually exposed to the fishery. Only that portion exposed to the fishery 

is described here.

For purposes o f this assessment, we did not consider the effects o f recreational harvest on 

the stock. The best information available at this time indicates that recreational harvest is relatively 

light, typically less than 200,000 pounds or fish per year (National Marine Fisheries Service, Marine 

Recreational Fishing Statistics Survey, 1981-1995). Based on the sparse length frequency 

distribution o f  surveyed fish, most o f  the recreational harvest is at a size prior to entry into the 

commercial fishery. The available data suggest that inclusion of recreational harvest data would not 

have any appreciable effect on the analyses w e used (Table 1).
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5.1. Growth and Fecundity

Thompson ( e t  a l  1991) described growth ofstriped mullet from Louisiana waters. They 

found significant differences in growth rates between sexes o f mullet, and in growth rates from 

different parts o f the state. For this assessment, a von Bertalanffy growth equation was developed 

from aged samples o f  female striped mullet from East o f  the Mississippi River provided by 

Thompson (pers. comm.). Growth rates from this area were used since this area o f the state provides 

the majority o f  the harvest. We reanalyzed these data, combining them with juveniles assigned to 

age 0 by length frequency analysis from LDWF fishery-independent seine samples (Burden e t al. 

1997, figure 2.1). These data were used to estimate a three-parameter von Bertalanffy growth 

equation:

L,= L_* (l-e (k(t'v)

where Lt is the length at age (t) in years, L_ is the maximum length, k is a parameter describing the 

rate o f growth, and tg is the intercept o f the function on the time axis. The function was estimated 

using nonlinear approximation procedure (SAS, 1987). The parameters derived from this method 

were: L_=453.9, k=0.332, to—0.05. These parameters were used in some methods o f  estimating 

natural mortality.

Fishery-dependent samples were assigned ages through use o f  an age-length key devleoped 

from otolith aging o f  fish by Thompson (unpublished data) and LDWF’s ongoing aging study. 

Sixteen hundred and sixty-three aged female fish were used in the development o f the age-length key 

(Table 2).
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Fecundity is estimated from the length/fecundity relationship o f Thompson e t a l  (1991)

where:

Fecundity=5.6xlO*3(FL)118

5.2 Natural Mortality

Natural mortality estimates are very important in production estimates o f the fishery, as well 

as other stock assessment techniques. A  relatively small change in the estimate o f  natural mortality 

will produce significant changes in the results o f  any assessment where fishing mortality rates 

approximate natural mortality. Natural mortality rates are usually estimated independently o f  the 

assessment and assumed to remain constant throughout the life o f the fish. Several investigators 

have attempted to provide functions to allow estimation o f natural mortality rates in the absence of 

information on the stock in question. This is necessary since direct estimations o f  natural mortality 

rates are not often possible.

Pauly (1980) provides a method o f  estimating natural mortality from a set o f  parameters 

including the growth function o f  the fish (k and L„ described above), and the average water 

temperature o f the environment. Mean annual temperature was derived from the annual mean 

temperature from a set o f  four constant recorder instruments located throughout the Barataria Bay 

system from 1/1/89 to 1/1/92. This was reported as 22.7°C (pers. comm., M. Kasprzak, 4/13/92). 

These values were incorporated into the length-based function o f Pauly (1980):

logi0M= -0.0066 - 0.2791og10L„ + 0.65431og10K + 0.4634Iog10Temp.

Pauly recommends that estimates for schooling fishes be multiplied by 0.8, and estimates for clupeid 

fishes be multiplied by 0.6, to account for reduced natural mortality rates that may result from
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schooling behavior. The factor for clupeid fishes was used as well as the factor for schooling fishes, 

to provide an additional estimate o f M that would be more conservative than for schooling fish in 

general.

Use o f Louisiana data on growth and water temperature applied to Pauly's function results 

in estimates o f  natural mortality o f  M=0.56 using the 0.8 correction factor, and M=0.42 using the 

0.6 factor. In Taiwan, mullet were found to have slightly different growth parameters than we 

estimate for Louisiana mullet, and average water temperature was reported as 20° Celsius (Ih- Hsiu 

1970, cited in Pauly 1980). However, application of Pauly's function to the Taiwan data results in 

a nearly identical estimate (M=0.57 for the 0.8 correction).

Hoenig (1983) and Alagaraja (1984) (both cited in Sparre and Venema, 1992) provided 

functions for estimation o f  M based on longevity o f the species, expressed as the mean age o f  the 

oldest specimens (Tm) with the assumption that M=Z. These functions measure total mortality (Z) 

rather than M, but the two are equivalent in the absence of fishing. Longevity is difficult to 

determine for exploited fish stocks, since age distribution is typically truncated by fishing, but this 

method may provide some provisional estimates o f  natural mortality, if  the truncation o f ages is 

estimated. However, migration or other factors may also influence this estimation. Hoenig’s (1983) 

function is:

ln Z =  1.46 -1.01 * InTm

The functions described by Alagaraja are:

M l% =-ln(0.0I)Tm 

M0.1%—ln(O.00I)Tm

where M l%  and M0.1% are the natural mortality rates corresponding to 99% and 99.9% mortality. 

No mullet over 9.1 years o f  age were found by Thompson e t a l  (1991) in Louisiana waters. Mullet
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over 8 years old were found in both fishery-dependent samples from the eastern part o f the state, and 

from fishery-independent samples from both the eastern and western portions o f  the state (no 

fishery-dependent samples were available from the western part o f the state). I f  fishing has reduced 

the age structure, even in western Louisiana where little fishery existed, and a maximum age o f  10 

years is estimated in the absence o f fishing for Louisiana mullet, Hoenig’s formula provides an 

estimate o f  M=0.42. I f  it is assumed that 99% or 99.9% o f the fish die by age 10 then the 

corresponding natural mortality rates for Alagaraga's (1984) estimates o f  M l%  and M0.1% would

be 0.46 and 0.69, respectively./<

Sparre and Venema (1992) cite Beverton and Holt (1959) as reporting M values to be 

generally in the range o f 1.5 to 2.5 times the value o f the von BertalanfEy growth parameter K. This 

parameter is estimated as 0.332 for Eastern Louisiana female striped mullet, providing an estimated 

range o f M o f  0.5-0.83.

Two estimates o f  natural mortality (M) are available for striped mullet in the existing 

literature. Pauly (1980) cites Ih-Hsiu (1970) as reporting an M o f 0.31 for male striped mullet from 

Taiwan. Mahmoudi (1991) estimated M as 0.30 using tagging data from southwest Florida.

Some investigators (Restrepo e t a l  1991, Helser e t al. 1992) have attempted to use a range 

o f  estimates o f  M and incorporate variation within this range as a variable in their analyses o f  other 

fish species. However, the selection o f the range to be used, and the distribution o f M estimates 

within that range remains arbitrary. We have chosen, rather, to select several point estimates o f  M, 

and to present the results o f  changes in the estimate. We have presented estimates based on M 

values o f 0.3, 0.4, 0.5, and 0.6. This provides a feeling for the differences resulting from various 

estimates o f M, without implying any additional precision.
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In this report, an M o f 0.3 is the most conservative estimate o f  natural mortality. This 

estimate may be low, based on the lack o f  mullet older than 10 years in the Western part of 

Louisiana, though there was no established mullet fishery in that area when the samples were taken. 

Using a low value of M  results in higher estimates o f F in the analysis. I f  the actual value is above 

estimates used here, estimates o f fishing mortality from catch curve analysis will be lower that 

estimated. Additionally estimates o f spawning potential ratio at any level o f fishing mortality would 

also be increased, and potential yield will be higher than estimated with that value. A low estimate 

o f M would also increase the harvest age structure required to maximize yield, which could influence 

proposed size or gear regulations.

5.3 Disappearance Rates and Fishing Mortality

It must be recognized that any estimate o f disappearance (Z') from the fishery includes both 

the total mortality while the fish is exposed to the fishery, and the availability o f the fish to the gear. 

Availability as used here includes both changes in distribution or behavior o f the fish that might 

change effectiveness o f the fishery (e.g. migration, food preference, etc.), and size or other selectivity 

o f  the gear or fishery. The predominant gear in the Louisiana mullet fishery at the present time is 

a  V A  -4 inch stretch gill net, though some larger mesh sizes are occasionally used (see Mapes e t a l ,  

1997). Gill nets are size selective for mullet, therefore estimates o f  disappearance likely reflect 

fishing mortality confounded by some degree o f gear selectivity. For the present analysis, no 

estimation o f  gear selectivity or availability to capture was available for fish past foil recruitment. 

Selectivity o f younger fish is estimated from the method presented in Sparre and Venema (1992), 

using a linearized catch curve to determine the selectivity o f fish not folly recruited to the fishery. 

The ratio o f  the observed catches to the expected catches at each age is the relative probability of 

capture or selectivity o f the fishery. Selectivities for ages up to foil age-at-recruitment were used
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to describe the relative fishing mortality to that point; for ages at or above full recruitment, 

selectivity's are assumed to be 1, or 100% selected.

Length frequency data from the 1994 and 1995 mullet fishery East o f the Mississippi River, 

derived from Trip Intercept Program (TIP) sampling (LDWF unpubl. data) were aged, using an 

age-length key (Table 2). The age frequency distributions in 1995, having the largest sample size 

(1,425 measured), was used to estimate relative selectivity and disappearance rates from the fishery 

(Figure 2)7

The relative selectivities for each age are as follows:

Ages Relative select

0 0.0

1 0.0002

2 0.0125

3 0.1382

4 0.6837

5 and over 1.0

Estimates o f  T  were derived by regression o f the descending arm o f the catch curve (ages 

4 and over. Fig. 3). The resulting estimate o f Z* was approximately 1.176 on an annual basis.

These estimates o f  Z1 and relative selectivity could be confounded by variable sizes o f 

cohorts within the fishery. Variation in cohort size could skew the estimate o f Z" in either a positive 

or negative direction, depending on the distribution o f the various cohorts within the fishery. Greater 

recruitment in the older year classes would provide a lower estimate o f Z', while i f  in younger ages, 

would provide an overestimate o f  the true value o f Z. This uncertainty can only be addressed by use
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o f several years o f information on the fishery, and using estimates o f  Z  based on specific cohorts 

rather than using annual estimates, that run across several cohorts.

Based on the estimated Z' values (Z -1.176), if  Z' is composed only o f  F and M (no 

availability component), and the estimate o f  0.3 used for M, the estimate o f fishing mortality (F) is 

approximately 0.876. I f  the lowest estimate for M (M=0.3) is used, the resulting value o f  F is 

maximized. For each incremental increase in the value o f M, the value o f  F is decreased the same 

amount. Therefore, i f  we use F=0.876, fishing mortality rates are maximized. This estimate o f F 

minimizes the potential for underestimation o f  F, minimizes the potential benefits from increased 

fishing pressure, and maximizes the estimated impact o f existing fishing pressure on the stock.

5.4 Yield per Recruit

Yield per recruit (YPR) analysis provides basic information about the dynamics o f  a fish 

stock by estimating the impact o f mortality rates on yield and spawning potential o f the stock. The 

results can be examined as to the sensitivity o f natural and fishing mortality rates on yield and 

spawning potential. The present yield per recruit (YPR) analysis is based on several assumptions. 

A fish is assumed to consistently recruit to any given fishery at a  given age; that is, selectivity by 

age does not change over time. Partial recruitment o f fish is estimated from the relative abundance 

o f age 2 through 4 fish in the TIP samples compared to age 5 fish, which are fully recruited. Once 

the fish are fully recruited to the fishery, fishing pressure is at a constant rate. The present YPR 

analysis does not take into account any variation in growth rate or other factors which may affect the 

results. Use o f YPR analysis requires: 1 2

1) information on natural and fishing mortality rates,

2) knowledge o f  the growth parameters o f the fish.
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Methods used for estimation o f  natural mortality (M) and fishing mortality (F) rates in this 

analysis are presented in Sections 5.2 and 5.3 above. The existing mullet fishery is primarily based 

East o f  the Mississippi River, and harvest mainly targets female fish (Thompson, 1989). Therefore, 

we have used the growth parameters for female mullet from that area to calculate yield per recruit.

5.5 Conservation Standard

Conservation standards are based on one o f  a number o f biological measures o f the dynamics 

o f  fish stocks, that are intended to protect the viability of that stock for future generations. These 

standards have historically been based on different measures of the dynamics of fish stocks, 

depending on the data available, the needs o f  fishery and of the resource. Conservation standards 

should be separated into two types: a conservation threshold which is entirely biologically based, 

and a conservation target which considers biological measures modified by relevant social, 

economic, and ecological factors.

Conservation "thresholds" are intended to provide a biological baseline for harvest o f  a  fish 

stock based on stock recruit relationships, or other biological parameters specific to the stock, if 

possible. This baseline standard, below which the stock should not be allowed to go, has been 

described as a “threshold” by some researchers, and has also been referred to as an “overfishing 

level” (GMFMC 1995). Beyond this “threshold”, management “targets” may be set, which provide 

for other management goals in the fishery. Such goals may be in terms o f  yield in weight, yield in 

numbers o f fish, catch rate per effort, harvest rate per effort, employment, profit, or some other goal. 

These targets must be set at a fishing rate below the “threshold” in order to ensure that the biological 

integrity o f  the stock is not unduly compromised by fishing.
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Recently, use o f a stock measure, spawning stock biomass per recruit (SSBR) or spawning 

potential ratio (SPR) has become widely used. This measure compares the estimated female 

spawning biomass o f the stock that survive fishing with the estimated biomass o f the stock under 

unfished conditions. The analysis does not take into account any density-dependent relationships 

due to the changes in the size o f the fished stock. Using the Spawning Potential Ratio (SPR) concept 

as developed by Gabriel e t a l  (1984) and refined by Goodyear (1991), a “threshold” value can be 

defined that provides a minimum spawning stock biomass (or egg production) per recruit, below 

which existing data cannot evaluate impacts to future recruitment, and below which the fishery 

should not be allowed to operate.

Ideally, “threshold” levels should be evaluated from information on the stock in question. 

However, the information base necessary to adequately describe this level is often not available. In 

such cases, it has been recommended by Goodyear (1989) that a spawning stock biomass per recruit 

(SSBR) or SPR o f 20% be used as a “threshold” in absence o f sufficient evidence to provide a 

standard specific to the stock in question. This standard is also based on work on North Atlantic 

groundfisheries (Gabriel e t a l  1984, Gabriel, 1985). A SSBR of 35% has been recommended for 

Spanish mackerel, and 20% for king mackerel (GMFMC 1990,1995). A SSBR o f  8-13% has been 

demonstrated to be sufficient for Gulf menhaden (V aughan 1987). In prior analyses of the Louisiana 

spotted seatrout fisheries (LDWF 1991), we recommended an SPR o f 15% after analysis o f several 

years o f available data. Mace and Sissenwine (1993) examined 90 stocks o f 27 species, and 

recommended that 30% SPR be maintained when there is on other basis for estimating the 

replacement level. That level is sufficient for 80% o f the stocks considered by those authors. They 

also noted that 30% may be overly conservative for an "average" stock. The average replacement 

%SPR for the stocks they considered was 18.7% while the most resilient quarter o f  the stocks 

considered required a maximum Frq, o f  8.6% SPR. Three-quarters o f the stocks required a 

maximum o f  27.1% SPR. In the prior assessment o f striped mullet (Shepard et al., 1992), a

11



SPR o f 20% was recommended as the conservation standard for the Louisiana fishery. This standard 

was considered, rather than 30% SPR, due to several factors: the fishery is mainly prosecuted on 

the stocks o f mullet east o f the Mississippi River, and the estimate o f SPR is based on only the fished 

stocks. The relatively unfished stocks to the west o f the Mississippi River are only minimally 

considered in the assessment, with the result that the SPR ratios are underestimated.

Sufficient information is not available to directly estimate a conservation threshold for striped 

mullet in Louisiana. However, the conservation target o f 30% SPR established by Act 1316 o f  the 

1995 Regular Session o f the Louisiana Legislature for black drum sheepshead, southern flounder and 

striped mullet appear to be adequate to maintain the striped mullet stock and prevent recruitment 

overfishing

The use o f  any measure o f  health o f  a fish stock as a perfect index is arguable. Intuitively 

it seems more logical that growth overfishing would occur at a much lower fishing rate than would 

threaten recruitment. However, Mace and Sissenwine (1993) provide information to suggest that 

some stocks may have reduced levels o f  recruitment at levels of fishing that would not reduce yield 

per recruit. The preferable position for making recommendations on appropriate levels o f fishing for 

a stock is to base those recommendations on actual measures of spawning stock and recruitment for 

that species, in the same fishery. This requires a base of information on that fishery that requires
- r"

monitoring o f both the stock and the fishery over a variety of conditions. Without this information, 

inappropriate conservation standards may either underestimate or overestimate the potential o f  the 

fishery. I f  the potential is underestimated, the society loses the economic and social benefits o f  the 

harvest. I f  the potential is overestimated, the society also loses the benefits o f  a  sustainable fishery, 

which must at least go through some period o f  rebuilding, when effort must be reduced from the 

non-sustainable levels (Hilbom and Walters, 1993). Some researchers have speculated that 

over-harvest o f some stocks may lead to their replacement in the ecosystem by other, often less 

preferred stocks. The frequency o f  such an occurrence is unknown, and the cause o f  shifts in species
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dominance in an ecosystem may be difficult to ascertain, even after the fact Such a shift does seem 

to have occurred over time in the Grand Banks area, where prolonged, intense harvest o f cod and 

haddock have been implicated in gradual increases in skate and spiny dogfish populations (CUD - 

NEFSC 1993).

5.6 Status o f the Stock

The trends in harvest for striped mullet in the Louisiana fishery have been reviewed by 

Mapes e t al. (1997). The harvest increased significantly in the late 1980's and early 1990's, as the 

fishery developed. Recent harvest figures indicate that the harvest rates may be approaching an 

asymptote (Figure 1), though the dynamics controlling total harvest are complex, and may be 

controlled by many factors.

Annual recruitment o f mullet has been evaluated from fishery-independent seine and 

experimental gill net samples taken statewide since 1986. Catch/effort infonnation are compiled for 

January through April o f  each year, and the abundance is measured as ln(catch/effort)+l, for each 

station/month/year. Seine catches o f fish larger than young-of-the-year are deleted from abundance 

estimates. Gill net data from 2", 2.5", and 3" (5.08,6.35, and 7.62 cm.) stretch mesh panels are used 

as these provide information on abundance prior to harvest by legal saltwater commercial gears (gill 

and trammel nets, and saltwater seines) during the time period considered. These data are 

summarized in Figures 5 and 6.

Significant annual variation was found in the seine data (Table 3). Seine data indicate 

relatively strong recruitment indices in 1986, 1987, 1988 and 1996, and relatively weak indices in 

1989,1991, and 1995 (Figure 5). However, only 1986 and 1996 are significantly higher than most 

other years, according to Duncan’s Multiple Range Test using a General Linear Model procedure 

(Table 4) (SAS, 1987). Considering variation due to variation between months and geographic
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zones (seven considered) within the state, the YEAR variable remained significant at the p=0,01 

level (Table 3). No temporal trend is evident in these data (Figure 5).

We developed a series o f  estimates representing the effect on yield per recruit (YPR) and 

spawning potential ratio (SPR) o f various fishing and natural mortality rates under existing relative 

fishing rates by age (Figure 4). Estimates were based on the length/age and length/fecundity 

functions described in Section 5.1 above.

.  >
In all o f  these analyses, assumptions listed in prior sections o f this section have a  strong 

influence in the results. If  M is actually within or above the upper end o f the range considered here 

then increases in yield per recruit would be possible, and SPR would be above the minimum 

estimated values. Estimates presented here do not account at all for potential extension o f  the fishery 

into areas o f the state that are not now affected by the fishery. Any substantive change in geographic 

distribution o f  the fishery could substantially change the overall harvest levels.

Based on the information provided, our best estimate o f the current status o f the stock is 

depicted in Figure 4 and Table 5, assuming the relative recruitment to the fishery is constant, as 

discussed in Section 5.4, above. On this basis, i f  M=0.3, then F=0.876, and SPR is approximately 

34%. Even with very strong increases in fishing pressure, SPR would not be driven below 20%. 

The YPR from the fishery is very near the maximum. I f  M is greater than 0.3, then SPR is above 

the level estimated for that M, and if  M=0.4, the fishery is operating around F0 I. I f  M is actually 

higher than that level, substantial additional yield could be obtained from the fishery through higher 

fishing rates than present. However, it is important to note that expansion o f  the fishery 

geographically could also increase total yield, as more recruits would be exposed to the fishery. This 

would also change estimated stock size if  a  VPA were developed, but would not necessarily change 

SPR or YPR.
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Table 5 provides a summary o f  some of the more common benchmarks for stock 

assessments, as they apply to Louisiana striped mullet. Data for the M=0.3 to M=0.6 level are 

provided. Some o f the potential variation inherent in the present analysis is presented Table 6, which 

attempts to show the results o f  possible variation around the disappearance rate estimated from the 

fishery.

For comparison with the estimates o f  F used in this analysis, the relatively intense Florida 

mullet fishery was estimated to be fishing around F=1.13 in 1988-1989, based on tagging data from 

southwestern Florida (Mahmoudi, 1992). Regulations established since that time, essentially 

72-hour weekend closures and a 3.0 inch minimum mesh regulation for gill nets, were projected to 

increase SPR from 15-22% estimated for the 1988-89 period to about 35% in 5 to 7 years (Leard et 

a l  1996). Considering the differences in the minimum mesh regulations, the well- developed 

geographic distribution o f the fishery in Florida, growth differences between the areas, and other 

differences, the projection o f 35% SPR for Florida, and the 34% SPR estimated in this analysis for 

M=0.3, the level used in the Florida assessment, are surprisingly close.

5.8 Research and D ata Needs

As with any analysis, the accuracy o f  the assessment is dependent on the accuracy o f  the 

information on which it is based. The present analyses, along with the biological data presented by 

Mapes e t al. (1997) identify several areas for research.

Estimates o f  natural mortality used in the present assessment are derived from general 

literature sources, and show wide variation. This variation reduces the potential o f  the present 

assessment to provide a precise prediction o f  the yield potential o f the stock, and also reduces the
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confidence level o f  the present estimate of SPR. A more precise estimate o f natural mortality, based 

on Louisiana data, would assist in both o f  these problems.

Definition o f  sub-populations based on migratory patterns would help define exploitation 

rates within different areas o f  the state. This may help managers develop area-specific management 

to optimize yield from a given stock, while protecting the stock from overharvest.

Recruitment mechanisms are poorly defined for the species. Mullet are recorded to spawn 

beyond the shelf break, in the central G ulf o f Mexico. No genetically distinct stocks have been 

identified within the Gulf. However, lack o f genetic distinctness does not necessarily mean that 

stocks are homogeneously mixed by spawning and recruitment mechanisms, only that populations 

are not so removed from each other that gene structure is identifiably different. Better understanding 

o f recruitment mechanisms, merged with measurement o f oceanographic or other driving forces 

could help in understanding the sub-genetic distinctiveness o f mullet populations from different 

regions o f  the state o f  the G ulf o f Mexico.

Factors that influence the year-class strength o f mullet are essentially unknown. 

Investigation o f  these factors could help better define causes o f inter-annual variation in abundance, 

and perhaps also the underlying stock-recruit relationships in the species.

The relationship between wetlands losses or modifications and the continuation o f  fishery 

production within the state has been discussed by many authors. However, this relationship is likely 

to be different for any o f  a suite o f  different species. Understanding o f  this relationship for mullet 

should be an ongoing priority.

In the presence o f  changing regulations, fishery-dependent information is not a reliable 

source o f the data necessary to assess the status o f a fish stock. However, such data is necessary to
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measure the effects o f  fishing on that stock. Consistent fishery-dependent and fishery- independent 

data sources, in a comprehensive monitoring plan, are essential to understanding the status o f  fishery 

stocks, and to identifying causes o f  changes in stock abundance. Present programs should be 

assessed for adequacy with respect to their ability to evaluate stock status, and modified or enhanced 

to optimize their capabilities.
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Table 1. Annual commercial and recreational harvest of mullet from Louisiana waters, 
expressed in pounds. Commercial harvest values from dealer landings reports, 
recreational harvest from NMFS MRFSS estimates of fish landed plus those discarded 
dead.

Commercial Recreational Total Harvest
Year Harvest (lbs.) Harvest (lbs.) (lbs.) %CommerciaI

81 3,051,461 564 3,052,025 99.98%
82 1,533,452 16,546 1,549,998 98.93%
83 1,886,654 0 1,886,654 100.00%
84 3,157,215 2,793 3,160,008 99.91%
85 579,297 7,505 586,802 98.72%
86 2,277,713 52,921 2,330,634 97.73%
87 1,439,425 0 1,439,425 100.00%
88 2,367,106 105,878 2,472,984 95.72%
89 2,413,768 75,287 2,489,055 96.98%
90 2,645,927 296,113 2,942,040 89.94%
91 3,563,137 26,303 3,589,440 99.27%
92 6,214,532 121,274 6,335,806 98.09%
93 11,026,497 185,015 11,211,512 98.35%
94 12,560,261 97,511 12,657,772 99.23%
95 14,545,610 89,551 14,635,161 99.39%
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Table 2 - Age-at-length distribution o f  fish used in age-length key development.

Length
(inches)

AGE

1 2 3 4 5 6 7 8 9 Total
8 2 2
9 2 2
10 1 8 3 12
11 22 25 9 2 58
12 31 74 44 11 3 163
13 1 24 106 94 34 10 1 1 271
14 2 20 64 81 80 15 2 264
15 1 19 53 74 51 16 8 5 227
16 1 23 68 89 44 14 6 1 246
17 11 61 83 40 9 2 1 207
18 5 20 51 23 5 3 1 108
19 1 1 5 24 14 3 2 50
20 1 4 10 4 1 20
21 1 1
22 2 3 4 4 1 14
23 3 1 3 7
24 5 3 3 11
Total 11 164 480 555 320 88 33 11 1 1,663
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Table 3. Analysis of variance of striped mullet catch per effort indices from LDWF seine
samples. Indices are calculated for all samples taken between January through April, 
using the natural log of (catch/effort +1) for each station/year/month cell.

Striped Mullet Catch Per Effort By Seines From LDWF Samples
----------------------- SEA=Jan-Apr -----------------------

General Linear Models Procedure 
Class Level Information

Class Levels Values
YEAR 11 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
MONTH 4 1 2  3 4
AREA 7 1 2 3 4 5 6 7

Number of observations in by group = 1717

General Linear Models Procedure
Dependent Variable: LOGC__E

Sum of Mean
Source DF Squares Square F Value Pr > F
Model 19 335.1063968 ■ 17.6371788 18.02 0.0001
Error 1697 1660.9253314 0.9787421
Corrected Total 1716 1996.0317282

R-Square C.V. Root MSB LOGC__E Mean
0.167886 192.8215 0.989314 0.513072

Source DF Type I SS Mean Square F Value Pr > F
YEAR 10 45.3931624 4.5393162 4.64 0.0001
MONTH 3 9.8796343 3.2932114 3.36 0.0180
AREA 6 279.8336001 46.6389334 47.65 0.0001
Source DF Type III SS Mean Square F Value Pr > F
YEAR 10 44.7220457 4.4722046 4.57 0.0001
MONTH 3 9.8202403 3.2734134 3.34 0.0185
AREA 6 279.8336001 46.6389334 47.65 0.0001
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Table 4. Duncan's Multiple Range Test and least square means of striped mullet catch per
effort indices from LDWF seine samples. Indices are calculated for all samples taken 
between January through April, using the natural log of (catch/effort +1) for each 
station/year/month cell.

Striped Mullet Catch Per Effort By Seines From LDWF Samples
----------------------------- SEA^Jan-Apr -----------------------------

General Linear Models Procedure
Duncan’s Multiple Range Test for variable: LOGC_E

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

Alpha® 0.05 df=* 1697 MSE= 0.978742 
WARNING: Cell sizes are not equal.

Harmonic Mean of cell sizes® 155.5889
Number of Means 2 3 4 5 6 7 8 9  10 11
Critical Range .2200 .2316 .2394 .2452 .2497 .2534 .2565 .2591 .2614 .2634

Means with the same letter are not significantly different.
Duncan Grouping Mean N YEAR

A 0.8493 147 1986
B A 0.7843 169 1996
B C 0.6056 143 1988
B C D 0.5582 146 1987

C D 0.4740 161 1994
C D 0.4565 149 1993
C D 0.4441 162 1990
C D 0.4161 164 1992
C D 0.3891 163 1995
C D 0.3746 149 1989

D 0.3152 164 1991
General Linear Models Procedure

Least Squares Means
YEAR LOGC E Std Err Pr > |T|

LSMEAN LSMEAN HO:LSM£AN=0
1986 0.82685873 0.08206487 0.0001
1987 0.54015709 0.08213653 0.0001
1988 0.59044556 0.08300223 0.0001
1989 0.36715005 0.08119594 0.0001
1990 0.44703096 0.07777053 0.0001
1991 0.30310091 0.07733906" 0.0001
1992 0.41541093 0.07729010 0.0001
1993 0.42751883 0.08138934 0.0001
1994 0.46762803 0.07801805 0.0001
1995 0.38125800 0.07761505 0.0001
1996 0.78764665 0.07613058 0.0001
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Table 5. Estimation of fishing mortality rates, yield per recruit, spawning stock biomass per 
recruit (in terms of egg production), percent spawning potential ratio, and the yield per 
recruit compared to the maximum possible, given the natural mortality rates listed. Rates 
are based on the effects of regulations prior to 1995 and Act 1316.

M=0.3
F • Ratio YPR SPR %SPR %YPR

F-max = 0.6101 85.3967 458455 40.49% 100.00%
F0.1 = 0.3138 78.5764 616995 54.50% 92.01% B enchm arks

F20% = 3.1765 63.9194 226433 20.00% 74.85%
F3Q% = 1.178 80.1047 339650 30100% 93.80%

R egulations = 0.876 83.6384 387909 7  34.26% /  97.94% Estim ate

M=0.4
% ^ j T

F - Ratio YPR SPR %SPR %YPR 3 4 1
F-max = 0.8409 49.3065 265006 43.95% 100.00%

F0.1 = 0.3958 44.8162 350515 58.13% 90.89% B enchm arks
F20% = 7.5026 37.2489 120602 20.00% 75.55%
F30% = 2.3699 44.012 180903 30.00% 89.26%

* R egulations = 0.776 49.2589 273238 45.31% 99.90% Estim ate

M=0.5
F - Ratio YPR SPR %SPR %YPR

F-max = 1.1573 29.7049 162943 47.40% 100.00%
F0.1 = 0.4911 26.6682 213003 61.96% 89.78% B enchm arks

F20% = 15.6077 23.1131 68757 20.00% 77.81%
F30% = 4.9126 26.4089 103136 30.00% 88.90%

* R egulations = 0.676 28.5449 193304 56.23% 96.09% Estim ate

M=0.6
F - Ratio YPR SPR %SPR %YPR

F-max = 1.6725 18.5409 103274 49.86% 100.00%
F0.1 = 0.5997 16.3739 135999 65.66% 88.31% B enchm arks

F20% = 28.7317 14.5706 41424 20.00% 78.59%
F30% = 9.4672 17.4556 62137 30.00% 94.15%

* R egulations = 0.576 16.1889 137376 f 66.33% 87.31% Estim ate
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Table 6. Possible variation around estimates of fishing mortality rates, yield per recruit, 
spawning stock biomass per recruit (in terms of egg production), percent spawning 
potential ratio, and the yield per recruit, based on the standard error of the catch curve 
regression.

M=0.3
F - Ratio YPR SPR %SPR %YPR

ESTIMATE 0.876 83.6384 387909 34.26% 97.94%
" EST + 2S.E. 1.0589 81.5428 356070 31.45% 95.49%

EST-2S.E. 0.6931 85.1648 432106 38.17% 99.73%

M=0.4
F - Ratio YPR SPR %SPR %YPR

ESTIMATE 0.776 49.2589 273238 45.31% 99.90%
EST + 2 S.E. 0.9589 49.1853 252083 41.80% 99.75%
EST - 2 S.E. 0.5931 48.3648 302550 50.17% 98.09%

M=0.5
F - Ratio YPR SPR %SPR %YPR

ESTIMATE 0.676 28.5449 193304 56.23% 96.09%
EST + 2 S.E. 0.8589 29.3639 179241 52.14% 98.85%
EST - 2 S.E. 0.4931 26.6974 212748 61.88% 89.88%

M=0.6
F - Ratio YPR SPR %SPR %YPR

ESTIMATE 0.576 16.1889 137376 66.33% 87.31%
EST + 2 S.E. 0.7589 17.3047 128025 61.81% 93.33%
EST-2 S.E. 0.3931 14.1377 150279 72.56% 76.25%
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Figure 1. Historic commercial landings of striped mullet from Louisiana waters. Source: 
NMFS commercial landings database.

Age F r e q u e n c y  of Female Mullet in TIP S am ple s  (1994-1995)
Aged from Age-Length-Key

1 2 3 4 5 6 7 8 9
Age

I «  1994 _  1995 I]
Figure 2. Age frequency of mullet from Trip Intercept Program samples in 1994 and 1995,

aged from age-length key.
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Figure 3. Natural log o f  the 1995 age frequency o f striped mullet harvest, with the fitted 
disappearance rate.
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Figure 4. Percent annual yield per recruit and spawning potential ratio for striped mullet in 
Louisiana, at various levels o f  natural mortality. The value of M=0.3 is the basis 
o f  our estimate o f the c o n d itio n ^  the stock.
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Figure 5. Natural log of catch/effort of young-of-the-year striped mullet in statewide 
fishery-independent bag seine sample, LDWF Monitoring Survey, January 
through April of each year. Error bars are +/- one standard error of the mean.
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Figure 6. Natural log of catch/effort of striped mullet in statewide fishery-independent gill 
net samples, LDWF Monitoring Survey, January through April of each year. 
Error bars are +/- one standard error of the mean.
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